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Organic & S
Carbon: Not Just Chemistry
Another Element ;
Chapter 20: Vast majori
’ p jority of over 20
The Organic Chemistry chapter! million known compounds
are based on Carbon:

Chemistry 222 8
organic compounds.

Professor Michael Russell
Generally contain C, H + other

elements
Great variety of compounds

MAR

Last update:
MAR 4/29/24

. Nomenclature
Two Ma]or Concepts Need to know Alkyl Groups -
methyl = CH;
ethyl = CH3;CH,
propyl = CH;CH,CH,
butyl = CH3CH2CH20H2
Also pentyl, hexyl, heptyl, octyl, efc.
R is "generic" alkyl group

NOMENCLATURE -
Naming the molecules
correctly and knowing
the general classes of
organic compounds

REACTIVITY - Studying W\
\?v?tt;?r:ncslgsr:sa (;tfmty J \.) Alkyl groups may be combined with
other elements or alkyl groups to give
classes of compounds

compounds
We will focus primarily on

nomenclature but also show
See the Organic Chemistry Nomenclature Guide

examples of reactivity jyar

MAR

ALKANES ALKANES
Generic Alkane Representation: R-H Generic Alkane Representation: R-H

Generic Alkane Formula: C H,, ., Generic Alkane Formula: C H,,.,
-yl +ane -yl +ane
Ex: methane = CH, Ex: ethane = CH;CH;
(methyl group + H) (ethyl group + H)
CH;-H CH;3;CH,-H
9 9
MAR MAR
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ALKANES ALKANES
Generic Alkane Representation: R-H Generic Alkane Representation: R-H
Generic Alkane Formula: C H,, ., Generic Alkane Formula: C H,.,
-yl +ane -yl +ane
Ex: propane = CH;CH,CH; Ex: butane = CH;CH,CH,CH;
(propyl group + H) (butyl group + H)
CH;3;CH,CH,-H CH;CH,CH,CH,-H

Alkanes often called "saturated
hydrocarbons" — all carbons
"saturated” with H

MAR MAR
ALKANES - Isomers Isomers of Pentane
H c|: H
But we can write butane in two ways: H HHHH H H | H
H [ |
5 T T
H H H H H H
|11 ] H H H H H H H HH
AN T S S S S S O n-pentane 2-methylbutane
H H H H H H H T
n-butane 2-methylpropane H—C—H “3-methylbutane” would be
H | H incorrect - use smallest
These are isomers (same formula, VD S S S number possible
structurally different). Name using "longest | ’ |
A1) H H
chain" alkane preceded by numbered alkyl H—C—H 2 2.gimethylpropane
roups | '
MAR group MAR H
How to Name a Compound
Isomers of Hexane —
CH,— CHCH, 1. Find the longest chain in

the molecule.

Hexane 2. Number the chain from
2-Methyliexane the end nearest the first
s substituent encountered.
Growp  Name 3. List the substituents as
p i Methyl a prefix along with the
L'H:clvigh Propyl number(s) of the
CHiCH,CHLCH,— - Butyl carbon(s) to which they

are attached.

HC— Tsopropyl

CH;—C— tert-Butyl
Number of isomers grows as Ly,

number of carbons increases .
MAR MAR "Longest chain, smallest number"
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How to Name a Compound How to Create a Structure from a Name

Example: provide the structure for the following

If there is more than name: 2,2,4-trimethylpentane

one type of

substituent in the C-C-Q.C-Q 1. Start at the end of the name to find
molecule, list them 172 4

the chain of carbons; write them
"in a row" and number them

| | 2. Groups not in the chain will be
rCHs c1'(|;2'Q'Cﬁ'Q
C

~CH,CHj; alphabetically. C C

listed at the beginning of the name
(methyl = CHs, etc.)

3. Fill in hydrogen atoms at the end if

3-Ethyl-2,4,5-trimethylheptane

CH; CHg necessary
HaC vy CHs
MAR "Longest chain, smallest number" MAR "Longest chain, smallest number"
Alkyl Halides
CYCLOALKANES (C,H.,)
+cyclo -yl +ane Generic Alkyl Halide Representation: R-X
X = halogen (F, Cl, Bror )
Ex: cyclohexane = C¢H,; i C
Generic Cycloalkane Formula: C H,, Ex: Tii?:;llg?::ied;)cm'l
(cyclohexyl group + H) also known as iodomethane
CH, §
j:”z i”z s By AN Ex: 2-iodopropane = CH;-CHI-CH,
,H > e crrch, CH;—CH, (2-propyl + iodide)
oy O also known as 2-propyl iodide
O A
Cy a Cyclopenta Cycloprop
MAR Also cyclobutane, etc. MAR Many other possibilities \)
ALCOHOLS ALCOHOLS
Generic Alcohol Representation: R-OH Generic Alcohol Representation: R-OH
-yl +anol -yl +anol

Generic Alcohol Formula: C H,,.,0 Generic Alcohol Formula: C_ H,,.,0

Ex: ethanol = CH;CH,OH Ex: 1-propanol = CH;CH,CH,OH

(propyl group + OH)
CH;CH,CH,-OH
new: propan-1-ol

o
Q @ J%’

* * 9 9
9

MAR =

(ethyl group + OH)
CH;CH,-OH

MAR
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ALCOHOLS

Generic Alcohol Representation: R-OH

Note that both 1-propanol and 2-propanol exist

TYPES OF ALCOHOLS

TYPES OF ALCOHOLS

@ovwus

H

d
9
S * )
9 9
1-propanol 2-propanol
CH;-CH,-CH,OH CH;3-CH(OH)-CH;,4
MAR propan-1-ol propan-2-ol
GLYCOLS
Alcohols (diols) with Two OH Groups
N
9 -
Ethylene v Propylene —
glycol NY% | glycol
(ethane-1,2- ' (propane-1,2- s
diol) diol) P
MAR

ETHERS - "old school"

H H
| |

Generic Ether Representation: R-O-R H=C—0—¢—H
Generic Ether Formula: C.H;,.,0 H H

Ex: diethyl ether = CH3;CH,-O-CH,CH;
(ethyl + O + ethyl)

dimethyl ether

Primary Secondary Tertiary

Primary alcohols Secondary alcohols Tertiary alcohols

OH OH OH
CHy é— H CHy~ cl—ct-c3 CHs~ é— CHy
t t o,
ethanol propan-2-ol

MAR

Glycerol (propane-1,2,3-triol)
Alcohol with 3 OH Groups

MAR

ETHERS - "IUPAC"

|
CH,—CH,—C—OH Primary Alcohol
}'4 propan-1-ol
CRH
CH@—CHr(‘:chJ Secondary Alcohol
H butan-2-ol
(‘)H
CH,—C—CH, Tertiary Alcohol
]
CH, 2-methyl-propan-2-ol

2-methyl-propan-2-ol

octane-2,3-4-triol

Two nomenclatures for ethers!

Ethers also use "IUPAC" Nomenclature
(shorter alkyl group -yl +oxy) (longer group -yl +ane)

Ex: 1-ethoxypropane = CH3;CH,-O-CH,CH,CH;

MAR

CH3—0—CH,CH,

Many other possibilities

ethyl methyl ether

(ethyl -yl + oxy)(propyl -yl +ane)
old school: ethyl 1-propyl ether

Ex: 2-methoxypropane = CH;CH(OCH3;)-CH;

2-(methyl -yl + oxy)(propyl -yl +ane)

old school: methyl 2-propyl ether
You

R/O\R’

GET ORGANIC CHEMISTRY,

MAR

ORYOUDON'T.
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CHz—0O—CHCHg

methoxy ethane



Generic Ketone Representation: R-CO-R
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KETONES  Generic Aldehyde Representation: R-CO-H ALDEHYDES
R = alkyl group, CO = carbonyl (C=0) R = alkyl group or H, CO = carbonyl (C=0)
Generic Ketone Formula: C, H,,0 \jl Generic Aldehyde Formula: C H,,0
Two carbons connected to carbonyl HaC CHs At least one H connected to carbonyl 0
Ex: propanone = CH;-C(=0)-CH; putanone Ex: methanal = H,-C=0 /\)]\
(methyl + C=0 + methyl) 0 1 carbon atom like methane H
3 carbon atoms like propane /\)J\ butanal
2-pentanone Methanal
. Fl’ropkanone is also known as ']' P
Is also known as 0 ~ Formaldehyde H—C—C
Acetone J [
\)J\/ \-) H H
ethanal
MAR 3-pentanone MAR (acataldahyde)
ALKYNES i jon: R-HC=CH- ALKENES
Generic Alkyne Representation: R-C=C-R Generic AIkene_Representatlon. R-HC=CH-R
- R = alkyl group or H
R = alkyl group or H M Generic Alkene Formula: C,H,,
Generic Alkyne Formula: C H,,, ® 3 . = —
Ex: trans-pent-2-ene = H;C-HC=CH-CH,CH;
Ex: 2-pentyne = H;C-C=C-CH,CH; -
X H 5 carbon atoms like pentane S
5 carbon atoms like pentane H—C=C— | H oS
|l| but-1-ene
propyne MJ CHS
e HeC™ SCH
CHs 3 2
Ethyne L
is also known as HsC™~  2-hexyne Zrmethy propene H H
Acetylene \C:C/
ohe H/ \H
I}ZC—CEC—CHg ethene or
HiC 3-hexyne MAR ethylene
ALKENES - cis and trans ALKENES - cis and trans
HKC\ /CHR
. 5 - % . Cis - trans isomerism occurs because the electronic
cis id B H );H%‘ structure of the carbon—carbon double bond makes
(same side) (st goups on ) v 9 rotation energetically unfavorable.
cis-but-2-ene (Top view) (Side view)
trans e A .
H C=C otate 90° around
(OPPOSIte) H/ \CH} : (t:lo!usl[l bond
rans-2-Butene hd % 240 k] /mol 4
(methyl groups on . X
opposite sides) (Top view) (Side view)
trans-but-2-ene
Important! Pi bond—p orbital overlap Broken bond—no p orbital overlap
VAR Differing reactivity in cis and trans isomers VAR
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ALKENE ISOMERS - cis and trans fats

Oleic acid is a monosaturated fat with a cis
double bond found naturally in olive oil, nuts,
avocados, etc. Healthier!

Elaidic acid is a trans fat with a trans double bond
which is difficult to digest and causes multiple health

issues. Dangerous!
Elaidic Acid

/\/\/\/\/\/\/\/\/U\,“

MAR Both structures: C1sH3402

AROMATIC HYDROCARBONS

Notice: aromatic compounds are flat rings with
delocalized & electrons

o bonds o and it bonds

7t bonds
MAR

Resonance in Benzene

* C—C single bond: 154 pm
C=C bond: 134 pm

* CC bonds in benzene: 139 pm

» CC bond order is

m electrons delocalized -

MAR

Oleii\jd—/_/_/w\/\)‘\m

MAR

AROMATIC HYDROCARBONS

Aromatic compounds use conjugated double
bonds for increased stability.
Flat, stable organic functional group

X ©

Simplest aromatic compound is Benzene,
CeHs
MAR

AROMATIC HYDROCARBONS
More on The Ring

me—cu; AROMATICS - Examples
1

i H CH3 (‘)H
X ‘ PN
ethylbenzene H l H
[ ‘ NO» toiﬁéne phenol
‘ methylbenzene
nitrobenzene , , $OOH
I 11 M
< 7
o - benzoic acid
bromobenzene
Naphthalene See Handout
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AROMATICS - Examples

position meta position para position
Cl
Cl
o Y.
Soa
1,2-dichlorot 1,3-dichlorot 1,4-dichl
- or

or or
1 :ohlorol

VAR See Handout

Carboxylic Acids

Benzoic acid

Acetic acid

2 —

Acids are found in 9

many natural Carboxylic acid group
substances: bread, with acidic H*
fruits, milk, wine All are WEAK acids

Vinegar is essentially acetic acid!

MAR

AMINES

Generic Amine Representation: Rs-NH,

Ex: ethylamine = CH3;CH,-NH,
(ethyl + NH,)

Q <
M"
J
Ethylamine

Also diethylamine and triethylamine
MAR

CARBOXYLIC ACIDS

Generic Carboxylic Acid Representation:
R-COOH ?

Generic Carboxylic Acid Formula: C H,,0, C
Ex: propanoic acid = CH;CH,-CO-OH H/ “OH
(propyl -2H + =0 + OH) methanoic acid or
formic acid
XA i
~
et CH3(CH2)3CH2)J\OH
Fropanoic zct . hexanoic acid
o
HsC OH
e CHs
MAR Many other pOSSIbI/ItIeS! 2-methyl-butanoic acid
Carboxylic Acids
9
JH
("\ Z°
- o\C _CH;
Formic acid, 1
HCO,H, gives the - Jotievlic acid
sting to ants. spirin, acetylsalicylic aci
MAR
0
;ﬁ)
9
9 o
Methylamine Dimethylamine Trimethylamine
Amines generally have terrible odors!
3 A
%,
\ § 5
MAR Cadaverine Pyridine
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ESTERS

Generic Ester Representation: R,-COO-R,
Generic Ester Formula: C H,,0,
Ex: ethyl propanate = CH;CH,-COO-CH,CH;
(propyl -2H + =0 + O + ethyl)
Similar to carboxylic acids

Q KA,
CH3CH2CH2C — OCH2CH3 Ethy) propanate

T

AR ’E_t/}'l?l W Name R, first, then R,

Nomenclature and Models

MAR

Reactions of Alkenes:
ADDITION REACTIONS

Alkenes are unsaturated — more bonds can
form to the C atoms

Molecules such as Br,, H,, HCI, HBr, and H,O
add to the double bond

Br Br

)C=c + B —> H-C—CH

H H
1,2-dibromoethane
MAR

AMIDES

Generic Amide Representation:
R,-CO-NH,R,.,

Ex: N-methylpropanamide
CH3;NH-CO-CH,CH;

W)
]
N-Methylpropanamide

N-groups off of nitrogen atom

MAR
Mty ¢ 'REACTIVITY
¥ o»‘ W W e
o Huge Topic, too vast for CH 222
HO_ C-NH,

e
I We will look at a few general

Ho_ 6 patterns of reactivity;
A many more eX|st'
K/YHI
ok gl ,
NHR b e
WP

2y v

i
MAR

Important to know how
: each chemical reacts!

CZH4 + BrZ —
CH,Br-CH,Br REACTIVITY

A few minutes
—_—

2

Example #1:
Addition Reactions
c=C BB Diatomics adding
across double bond

Ethylene

MAR
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Example #2: Addition REACTIVITY
Reactions Diatomics
adding across double
bond
H H H2C=CH-CH3 + Hz d
H:C:C:H\H Heh CH;3-CH,-CH;

Propene

Fats can be “hydrogenated” with H,.
Many foods have hydrogenated fats

REACTIVITY

Example #4: Elimination Reactions
sp or sp? bond formation

J
V‘),
T 9 °
wobot-gon
H H :(I):
H CH3CH2'CH20H + H* —

prapanol CH3-CH=CH, + H,O + H*

Polymers

A Polymer literally means "many parts"

Many mer (or monomer) units combined to
make a polymer

Polymers have high molar masses (107 g
mol-1 or more!) and are used for plastic,
fabric, Teflon, much more

Synthesized by addition and condensation

reactions T T
o G—C—t
Y
polyethylene

REACTIVITY

Example #3: Substitution Reactions
Functional groups switch places

Glycerol Nitric Acid 2

MAR -OH +N03

WM Polymers

Giant molecules made by joining many
small molecules called monomers

Average production is 7150 kg per person
annually in the U.S. (!)

MAR

REACTIVITY

Example #5: Addition Polymerization
Reactions

Polymers

built from sp2

carbons (pi Hize !
bonds) H H

RO—-OR

A polymer with a He H

molar mass of 1e6 BNy He M
has about 360,000 H  OH
units.

MAR
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Polyethylene Synthesis

Chain initiator: benzoyl peroxide

0
E)/ ‘O'OB/Q _»Heat 2©j\o

Initiation Step: Reaction of benzoyl radical

o} O H,
C
NN
@O' + HC=CH, H@AO CHy

Types of Polyethylene

Linear, high density PE
(HDPE)

Branched, low density

Cross-linked PE, CLPE

PE, LDPE
REACTIVITY
Example #6: Condensation Polymerization
Reactions

Condensation reactions combine different
functional groups to make polymers with
different properties

Very powerful reaction mechanism; used in
contact lenses, nylon, much more

Polyethylene Synthesis

Chain Propagation: Addition of further ethylene

@ [Hy [Hp

1k Jr Cocton
O >CT ™ CHy + HaC=CH, —- o g ot
o | n+1

Chain Termination: Reaction of two radicals

Q| R o
W M
c. . AC > I I
o{ \ﬁ} “CH, + 10, O{C\%C\C/
b H| H
n ) bl e O

MAR

Polystyrene

Polystyrene (PS) is a nonpolar material and
dissolves in organic solvents.

PS foam is mostly air, and when it dissolves it
collapses to a much smaller volume.

MAR

REACTIVITY

Example #6: Condensation Polymerization
Reactions

foh
HO—-A-0H HO-C-B-C-0H

ethylene glycal terephthalic acid
(Agroup) ®grow)

VAR Polyester

Page I1I-20-10 / Chapter Twenty Lecture Notes



Page I1I-20-11 / Chapter Twenty Lecture Notes

. Hoi@(‘iw o HOCH,CHLOH Condensation
wepttaicaid  ehjene gyl Polymerization Polyesters (PET)
Reactions

Polyethylene terephthalate (PET), a polyester

Formation of polyester Formation of Kevlar Y f 2
- 2 -
[} A 3 8 d
NH, H = g’ o B
R . n cl !
. o TN /©/ Jackets made from recycled Soda bottles, mylar
H N o PET soda bottles film.
o |
MAR H n  MAR
REACTIVITY
Example #6: Condensation Polymerization Polyamldes . Nylon
Reactions

0 0 0 0
n CIC(CH2)4CCL+ n HaN(CH2)gNH, — C(CH2)4C N(CH2)gN + n HCl
H Hin

adipoyl chloride hexamethylenediamine amide link in nylon-66, a polyamide

Each monomer has 6 C atoms in its chain.
A polyamide link forms on elimination of HCI
Result = nylon-6,6

Nylon-6,6

MAR MAR

USES FOR POLYMERS

Examples of Polymers:
« Teflon - polytetrafluoroethylene
« Fabric - polyester, polyacrylonitrile

» Milk & soda bottles - (High Density)
Polyethylene

» Styrofoam - polystyrene

« plastic wrap (Saran) - poly(vinylidene
chloride)

« contact lenses - poly(methyl methacrylate)
* Other uses:

Bubble Gum!
A copolymer

Styrene + butadiene
MAR MAR
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End of Chapter 20

See:

» Chapter Twenty Study Guide

» Chapter Twenty Concept Guide

* Important Equations (following this slide)

« End of Chapter Problems (following this slide)

boc
il boc
i boc
boc
boc

MAR ortnodox

MAR
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PLASTIC PACKAGING IS PRESENT THROUGHOUT
OUR EVERYDAY LIFE

Slime is
polyvinylalcohol
cross-linked with
boric acid

celine dione

celine diol

End of Chapter Problems: Test Yourself

Be sure to view practice problem set #3 and self quizzes for
organic chemistry nomenclature examples and practice

-

. Name a straight chain alkane with six carbon atoms.

2. Name this compound: CHsCH2CH20H Provide two isomers of
this compound and name them.

3. Draw structural formulas for all four compounds with the formula
C4H10Br. Give the systematic name of each.

4. Provide IUPAC numbered names for the following three
compounds: m-dibromobenzene, o-dibromobenzene, p-
dibromobenzene

5. Which of the following would exhibit cis, trans isomerization? 1-

pentene, propene, 2-butene

Sorry kid, I'm
the ether Bunny

Ay

PETE

&

WE N\ LDPE =
(LA

c_/f_')\) LDPE pp —
PP

A PS= Polystyrene, 1.03-1.06
&8y
PS Other = Other plastics (varies)

Polymer Recyc

PETE = Polyethylene terephth: ﬂ R |
/M HDPE=  High density PE, 0.941 (]
2y : '
HOPE y = PVC (polyvinyl chlorig = 5

Low density PE, 0.910

Polypropylene, 0.90-0.

Important Equations, Constants, and Handouts
from this Chapter:

MAR

MAR

* be able to name organic
compounds using the
functional group along with
the “longest chain,
shortest number” concept

* recognize some common
organic chemistry
reactions

* see the Organic Chemistry
Nomenclature Guide
(handout)

Organic Chemistry: alkyl

ketones, aldehydes,

compounds, carboxylic
acids, amines, isomers

End of Chapter Problems: Answers

-

. n-hexane

2. 1-propanol. 2-propanol and 1-methoxy propane would be
isomers.

3. 1-bromobutane, 2-bromobutane, 2-bromo-2-methylpropane, 1-
bromo-2-methylpropane

4. m-dibromobenzene = 1,3-dibromobenzene, o-dibromobenzene =
1,2-dibromobenzene, p-dibromobenzene = 1,4-dibromobenzene

5. only 2-butene would exhibit cis, trans isomerization.

Be sure to view practice problem set #3 and self quizzes for
organic chemistry nomenclature examples and practice
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group, alkane, cycloalkane,
alkyl halide, alcohol, ether,

alkynes, alkenes, aromatic





