
11

� � � � � � � � � 	 
 � � � 
 � �� � � � � � � � � 	 
 � � � 
 � �� � � � � � � � � 	 
 � � � 
 � �



22


 � � � � � � � � � � � � � �� � � � � � � � � � �
 � � � � � � � � � � � � � �� � � � � � � � � � �
• Vast majority of over 20 million known 

compounds are based on C:  � � � � � �� �� � � � � �� �
� � � � � � � � � �� � � � � � � � � �

• Generally contain C and H + other elements
• Great variety of compounds
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� � � � � � �� �� � � � � � �� �

•• Isomers Isomers have identical composition but have identical composition but 
different structuresdifferent structures

•• Two forms of isomer ismTwo forms of isomer ism
–– Constitutional (or  structural)Constitutional (or  structural)
–– Stereoisomer ismStereoisomer ism

•• ConstitutionalConstitutional
–– Same empir ical formula but different atomSame empir ical formula but different atom--

toto--atom connectionsatom connections

•• Stereoisomer ismStereoisomer ism
–– Same atomSame atom--toto--atom connections but atom connections but 

different ar rangement in space.different ar rangement in space.
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� � � � � � � � �  � � � � � � � �� � � � � � � � �  � � � � � � � �
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CisCis--22--butenebutene

� � � � � � �� � � � � �� � � � � � �� � � � � � ! � � � � � � � � ��! � � � � � � � � ��
Geometric isomers can occur when there is a 

C=C double bond.

TransTrans--22--butenebutene
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�� � � � �� �  � �� � � � � �� � � �� �  � �� � � � � � are molecules with are molecules with 
nonnon--super imposablesuper imposable mir ror  images.mir ror  images.

•• Such molecules are called Such molecules are called � 	 � � � "� 	 � � � "

•• Pairs of Pairs of chiralchiral molecules are molecules are 
� � � � � �� � � � �� � � � � �� � � � � ..

•• ChiralChiral molecules in solution can rotate molecules in solution can rotate 
the plane of plane polar ized light.the plane of plane polar ized light.

� � � � � � �� � � � � �� � � � � � �� � � � � � ! � � � � �� �  ! � � � � �� �  
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� #�� �  � #�� �  � � � � � � � � � � � � � �� � � � � � � � � � � � � �
$�  � � �%� � � " �� #�$�  � � �%� � � " �� #�



88

� � � � � � �� � � � � �� � � � � � �� � � � � � � � � � � � �� � � � � � �

Chirality Chirality 
generally occurs generally occurs 
when a C atom when a C atom 
has 4 different has 4 different 
groups attached.groups attached.

Lactic acid
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� � � � � � �� � � � � �� � � � � � �� � � � � � � � � � � � �� � � � � � �

Lactic acid isomers are Lactic acid isomers are 
nonsuper imposablenonsuper imposable
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� #�� �  �� �� #�� �  �� � ! � 	 � � � � � � � � � � �� �! � 	 � � � � � � � � � � �� �
� � � � � �� � � � � �

These molecules are nonThese molecules are non--super imposablesuper imposable
mir ror  images.mir ror  images.



1111
� #�� �  �� �� #�� �  �� � ! � 	 � � � � � � � � � � �� �! � 	 � � � � � � � � � � �� �

� � � � � �� � � � � �

These amino acids are nonThese amino acids are non--
super imposablesuper imposable mir ror  images.mir ror  images.
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� � � � � � �� � � � � �� � � � � � �� � � � � � �� � � � � � � ��� � � � � � � �

RightRight-- and leftand left--
handed seashellshanded seashells

The DNA here is The DNA here is 
r ightr ight--handedhanded
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•• Compounds of C and HCompounds of C and H

•• Subgroups: Subgroups: 

––AlkanesAlkanes:  C:  C--C single bondsC single bonds

––Alkenes:  C=C double bondsAlkenes:  C=C double bonds

––Alkynes:  carbonAlkynes:  carbon--carbon tr iple carbon tr iple 
bondsbonds

––Aromatic: based on benzeneAromatic: based on benzene

	 � � � � � � � &� � �	 � � � � � � � &� � �
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•• AlkanesAlkanes have the general formula have the general formula 
CCnnHH2n+22n+2

•• CHCH44 = methane= methane

•• CC22HH66 = ethane= ethane

•• CC33HH88 = propane= propane

•• CC44HH10 10 = butane= butane

•• CC55HH1212 = pentane= pentane

	 � � � � � � � &� � �	 � � � � � � � &� � �
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� � � #� � � � 	 � � � � � � ' � � 	� � � #� � � � 	 � � � � � � ' � � 	 (( )	)	 ** � +� +,,
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� � � #� � � �� � � #� � � �
	 � � � � � � ' �	 � � � � � � ' �
� 	� 	 (( )	)	 ** � +� +,,
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Gas hydrates have been known for  many years, and 
combustion of a sample of methane hydrate is seen on 
the front cover . Recently, however , vast deposits of 
methane hydrate were discovered deep within 
sediments on the floor  of the wor ld’s oceans. How these 
deposits were formed is a mystery. But what is 
impor tant is their  size. I t is estimated that the global 
methane hydrate deposits contain approximately 1013

tons of carbon, or  about twice the combined amount in 
all reserves of coal, oil, and conventional natural gas. 
Now if scientists and engineers could only solve the 
problem of extracting the methane conveniently and 
safely!

� � � #� � � � 	 � � � � � � ' � � 	� � � #� � � � 	 � � � � � � ' � � 	 (( )	)	 ** � +� +,,
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Pentane

2-Methylbutane

2,2-Dimethylpropane

CH3CH2CH2CH2CH3

CH3CHCH2CH3

CH3

H3CCCH3

CH3

CH3

	 � � � � � � � &� � � �	 � � � � � � � &� � � �
- � � � � � � � � � �  �- � � � � � � � � � �  �

� � � � � � �� �� � � � � � �� �

C5H12 has 3 
structural isomers.

C6H14 has 5
C7H14 has 9

CC55HH1212 has 3 has 3 
structural isomers.structural isomers.

CC66HH1414 has 5has 5

CC77HH1414 has 9has 9

Isomers of C5H12?Isomers of CIsomers of C55HH1212??

Note names of isomersNote names of isomersNote names of isomers
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AlkanesAlkanes are color less gases, liquids, are color less gases, liquids, 
and solidsand solids

Generally Generally unreactiveunreactive (but undergo (but undergo 
combustion)combustion)

Not polar  (or  low polar ity) and so are Not polar  (or  low polar ity) and so are 
not soluble in water .not soluble in water .

	 � � � � � � � &� � � ! �	 � � � � � � � &� � � ! � �  . � � � ��  . � � � �
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All compounds are flexible. All compounds are flexible. 

CyclohexaneCyclohexane, C, C66HH1212, has , has interconver tinginterconver ting
“ chair ”  and “ boat”  forms.“ chair ”  and “ boat”  forms.

	 � � � � � � � &� � � ! �	 � � � � � � � &� � � ! � � � �  � �  . � � � �� � �  � �  . � � � �

A xial H  atom

Equator ial H  
atom

Chai r form Boat f orm

123

5
6

1

23

4
4

5 6

H H

H

H

H

H

H

H

H

H

H

H

HH

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H
H

H

H

H

H

H

Chai r  form

1

6

2

34

5

H



2222

�  . � � � � ! � � � � � � � � � � � / �� #��  . � � � � ! � � � � � � � � � � � / �� #�
� 0� � 1 � � & � � 2� � � �� 0� � 1 � � & � � 2� � � �

•• How many isomers are possible for  a How many isomers are possible for  a 
compound with the formula Ccompound with the formula C44HH88??

CH3

CC

H

CH3H

H

CC

H

CH3H3C

H

CC

H3C

CH3H

2-methylpropene
(isobutene)

cis-2-butene trans-2-butene

H

CC

H

CH2CH3H

1-butene

1 2

3 4

1

1

1

2

3

2 23 3

4 4
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�  . � � � ��  . � � � � 33
� � � � � � � � � � � � � � � � �   �� � � � � � � � � � � � � � � � �   �
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� � � � � �� � � � � � � �  . � � � � !� � � � � �� � � � � � � �  . � � � � !
� 1 1 � 
 � � � � � 
 � � 
 � � � �� 1 1 � 
 � � � � � 
 � � 
 � � � �

•• Alkenes are Alkenes are � � � � � � � � � � � �� � � � � � � � � � � � —— more more 
bonds can form to the C atomsbonds can form to the C atoms

•• Molecules such as BrMolecules such as Br 22, H, H22, , HClHCl, , HBrHBr , and , and 
HH22O O � � �� � � to the double bondto the double bond

C CC
H

H

H

H
C

Br Br
H H

HH
+  Br2

1,2-dibromoethane
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� � � � � � �� �� � � � � � � � �� �� � � � � � �� �� � � � � � � � �� �

•• The fat in bacon is par tially unsaturated. The fat in bacon is par tially unsaturated. 
The fat adds BrThe fat adds Br 22 to the C=C bonds.to the C=C bonds.

•• Fats can be “ hydrogenated”  with HFats can be “ hydrogenated”  with H22..

Fat placed Fat placed 
in Brin Br 22 vaporvapor



2626

� � � � � � �� �� � � � � � � � �� �� � � � � � �� �� � � � � � � � �� �

Fat placed Fat placed 
in Brin Br 22 vaporvapor
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� � � � � � �� �� � � � � � � � �� �� � � � � � �� �� � � � � � � � �� �
•• Fats can be “ hydrogenated”  with HFats can be “ hydrogenated”  with H22..

Peanut butter  has par tially hydrogenated 
vegetable oil.

Peanut butter  has par tially hydrogenated Peanut butter  has par tially hydrogenated 
vegetable oil.vegetable oil.
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�  . � � � ��  . � � � �

•• Alkynes have carbonAlkynes have carbon--carbon tr iple bonds. carbon tr iple bonds. 

•• CC22HH22: common name = acetylene: common name = acetylene
systematic name = systematic name = ethyneethyne

Preparation:

CaC2(s) + H2O(liq)  --> 

C2H2 (g) + Ca(OH)2(s)
� Hf

o(C2H2, g) = +226.7 kJ/mol

Preparation:Preparation:

CaCCaC22(s) + H(s) + H22O(O(liqliq)  )  ----> > 

CC22HH22 (g) + Ca(OH)(g) + Ca(OH)22(s)(s)
�� HHff

oo(C(C22HH22, g) = +226.7 kJ/mol, g) = +226.7 kJ/mol

� Hrxn for  C2H2 + O2
= –1300 kJ/mol

�� HHrxnrxn for  Cfor  C22HH22 + O+ O22

= = ––1300 kJ/mol1300 kJ/mol
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� � � � � � �� � � � � � � � � � �� � � � � � �� � � � � � � � � � �

•• Benzene, CBenzene, C66HH66, in the , in the 
top 25 chemicals top 25 chemicals 
produced in the U.S. produced in the U.S. 

•• Star ting point for  Star ting point for  
hundreds of other  hundreds of other  
compounds.compounds.
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� � � � � � � � � � �� � 2� � %� � �� � � � � � � � � � �� � 2� � %� � �

•• CC66HH66 has two resonance structures with has two resonance structures with 
alternating double bonds. alternating double bonds. 

•• The �  electrons are The �  electrons are � �  � � �  �%� �� �  � � �  �%� � over  the r ing.over  the r ing.

C
C

C
C

C

C
C

C

C
C

C

C

H

H

HH

H H

H

H

HH

H H

C
C

C
C

C

C

H

H

HH

H H

Resonance structures of benzene, C6H6 Abbreviated representation
of resonance structures
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� � � � � � � � � � �� � 2� � %� � �� � � � � � � � � � �� � 2� � %� � �

•• CC bond order  is _______________CC bond order  is _______________

•• CC––C single bond = 154 pm C single bond = 154 pm 
C=C bond = 134 pmC=C bond = 134 pm

•• CC bonds in benzene = 139 pmCC bonds in benzene = 139 pm

�  electrons �  electrons delocalizeddelocalized
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� � #� � � � � � � � � �� � 	 � � � � � � � &� � �� � #� � � � � � � � � �� � 	 � � � � � � � &� � �

TolueneToluene NaphthaleneNaphthalene
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2� � %� � � � 1 � � �4� � �4� �2� � %� � � � 1 � � �4� � �4� �

AnilineAniline
CC66HH55NHNH22

PhenolPhenol

CC66HH55OHOH

TNTTNT
tr initrotoluenetr initrotoluene
CC66HH44CHCH33(NO(NO22))33
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� � � �� � � 2� � %� � � � 1 � � �4� � �4� �� � � �� � � 2� � %� � � � 1 � � �4� � �4� �

1,4-dimethylbenzene
Common name: Para-xylene

Cl

Ortho to Cl

Meta to Cl

Para to Cl

1
2

3

4

5

6
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� � � � � �� � � � � � � � � � � � � �� �� � � � � �� � � � � � � � � � � � � �� �
�� � � &� � �� � � �� � �� � &� � �� � � �� � � — not additions — are 

typical.

+ CH3Cl

CH3

+ HCl
AlCl3

AlClAlCl33 is a catalyst. Catalysts typically used in is a catalyst. Catalysts typically used in 
aromatic substitutions.aromatic substitutions.
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5� � � � �� � �  � � � � � � �5� � � � �� � �  � � � � � � �

See CD-ROM Screens 11.5 &   11.6See CDSee CD--ROM Screens 11.5 &   11.6ROM Screens 11.5 &   11.6
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�  � � #�  ��  � � #�  �

•• Character ized by Character ized by ––OH groupOH group

•• Name: add Name: add ––olol to name of hydrocarbonto name of hydrocarbon

� � � #� � �  � � � #� � �  

2� � � � �  2� � � � �  
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� � � � � � � � � � � � � � �  � � #�  �� � � � � � � � � � � � � � �  � � #�  �

CC33HH55OH: how many structural isomers?OH: how many structural isomers?

C C C OH

H

H

H

H

H

H

H

1-propanol

C C C H

H

H

OH

H

H

H

H

2-propanol

Naming:Naming: Add Add --ol ol to name of 3to name of 3--C hydrocarbon. Indicate C hydrocarbon. Indicate 
position of OH with number .position of OH with number .
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�  � � #�  � $� � � � � � �� ��  � � #�  � $� � � � � � �� �

•• Alcohols are a der ivative of water  Alcohols are a der ivative of water  

•• Many alcohols dissolve in waterMany alcohols dissolve in water

Methanol dissolves 
in water .
Methanol dissolves Methanol dissolves 
in water .in water .

Butanol is NOT soluble 
in water .  
Butanol Butanol is NOT soluble is NOT soluble 
in water .  in water .  
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66� � � � � �� � � � � � 77

•• Alcohols burn in air  Alcohols burn in air  

•• A mixture of ethanol + A mixture of ethanol + 

calcium acetate = calcium acetate = 

STERNOSTERNO
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� " � � � " �� " � � � " �
�  � � #�  � � / �� #� 
 / � � � 	 � � � � � � ��  � � #�  � � / �� #� 
 / � � � 	 � � � � � � �

Propylene Propylene 
glycolglycol

Ethylene Ethylene 
glycolglycol
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�  � � #�  � � � � � � �� � ��  � � #�  � � � � � � �� � �
� � � � � � � 88� 9� � � � � � � 88� 9

SubstitutionSubstitution EliminationElimination——the the 
reverse of reverse of additionaddition
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� � � � � � ! � � �  � � � � � � � � �  � � #�  �� � � � � � ! � � �  � � � � � � � � �  � � #�  �

•• Sugars are carbohydrates, compounds Sugars are carbohydrates, compounds 
with the formula Cwith the formula Cxx(H(H22O)O)yy..

What is the difference between aaaa and bbbb D-glucose?What is the difference between What is the difference between aaaaaaaa and and bbbbbbbb DD--glucose?glucose?

O

H

HO

H

HO

H
OHH

OH

OH
CHO

OHH

HHO

OHH

OHH

CH2OH

O

H

HO

H

HO

OH
OHH

H

OH

1
2

3

4 5

1
2

3

4
5
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2

3

4

5

a-D-glucose b-D-glucose

Open chain form

H H
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� � � � � � � � � � � � � �&� � �� � � � � � � � � � � � � �&� � �

O

CH2OH

CH2OH
H

HO
OH

H

H

O

H

HO

H

HO

H

O
OHH

H

OH

a-D-Glucose

Fructose

O

HOH

HH
HH

HO
OH

Ribose, a pentose in 
the DNA backbone
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� � �� � �� � �� � �� � �� � �
Alcohols are der ivatives of HAlcohols are der ivatives of H22O (RO (R––OH) OH) 

and and � � �� � �� � �� � � are der ivatives of NHare der ivatives of NH33..

MethylamineMethylamine DimethylamineDimethylamine Tr imethylamineTr imethylamine
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� � �� � �� � �� � �� � �� � �
Amines generally have terrible odors!

Cadaver ineCadaver ine

Pyr idinePyr idine
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� � �� � �� � �� � �� � �� � �
Amines, like NHAmines, like NH33, are bases, are bases

2 C6H5NH2(aq)  +  H2SO4(aq) 2 C6H5NH3
+(aq) + SO4

2-(aq)

Aniline Anilinium ion
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� � �� � �� � �� � �� � �� � �

Many natural Many natural 
products products 
and drugs and drugs 
(such as (such as 
nicotine and nicotine and 
cocaine) are cocaine) are 
bases.bases.

NicotineNicotineHH++



4949

� � � � � � � � � � / �� #�� � � � � � � � � � / �� #�
� � � &� � �  � � � � � �� � � &� � �  � � � � � �

AldehydeAldehydeAldehyde Carboxylic acidCarboxylic acidCarboxylic acid KetoneKetoneKetone

C

O
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� � � � � � � � � � � � � �� � � � � � � � � � � � � � �  � � #� � � ��  � � #� � � �

CinnamaldehydeCinnamaldehyde Odors from Odors from aldehydes aldehydes and and 
ketonesketones
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� � � &� , �  �� � � � �� �� � � &� , �  �� � � � �� �
Benzoic acidBenzoic acid

Carboxylic acid group Carboxylic acid group 
with acidic Hwith acidic H++

All are All are WEAKWEAK acids acids 

Acetic acidAcetic acid

Acids are found in 
many natural 
substances: bread, 
fruits, milk, wine

Acids are found in Acids are found in 
many natural many natural 
substances: bread, substances: bread, 
fruits, milk, winefruits, milk, wine
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� � � &� , �  �� � � � �� �� � � &� , �  �� � � � �� �

Formic acid, 
HCO2H, gives 

the sting to ants.

Formic acid, Formic acid, 
HCOHCO22H, gives H, gives 

the sting to ants.the sting to ants.

C

O
C

O O

H

O

CH3

Aspir in, acetylsalicylic acidAspir in, acetylsalicylic acid
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� � �� � � : � �  � � #�  � �� � �� � � : � �  � � #�  � � ; ;; ; <� 
 � 
 
 � �<� 
 � 
 
 � �


 � � � � � � #� 4� � � � � � � �   � � �  � � � � � � � � � � � �
 � � � � � � #� 4� � � � � � � �   � � �  � � � � � � � � � � � �
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 � 
 
 � �<� 
 � 
 
 � �

� � � � � � � � #� � �� � � � � � � � � � � � � � �� � � � �� � � � � � � � =� � � � � � � � #� � �� � � � � � � � � � � � � � �� � � � �� � � � � � � � =

H+

O O

CH3COH   +   CH3CH2OH CH 3COCH2CH3   +   H 2O

Aceti c acid Ethanol Ethyl  acetate

O

RC—O—H
H +

O

+  R'—O—H RC—O—R'  +  H 2O

Carboxyli c acid A lcohol Ester
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� � �� � � : � �  � � #�  � �� � �� � � : � �  � � #�  � � ; ;; ; <� 
 � 
 
 � �<� 
 � 
 
 � �

Acetic acid

OC CH2CH2CHCH3

O

H3C

CH3

3-methylbutanol

3-methylbutylacetate
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�  � � � � �  �  � � � � �  
�  � � #�  � / �� #� >� � 	 � � � � � � ��  � � #�  � / �� #� >� � 	 � � � � � � �

Combine this with long chain acids ------> ???
Fatty acids ---> fats and oils

Combine this with long chain acids Combine this with long chain acids ------------> ???> ???
Fatty acids Fatty acids ------> fats and oils> fats and oils
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5� � � � � � � � � � �5� � � � � � � � � � �

R = organic group 
with NO C=C bonds
C12 = Laur ic acid
C16 = Palmitic acid
C18 = Stear ic acid 

R = organic group R = organic group 
with with NONO C=C bondsC=C bonds
CC1212 = = Laur ic Laur ic acidacid
CC1616 = = PalmiticPalmitic acidacid
CC1818 = = Stear ic Stear ic acid acid 

O

O

O

H2C

HC

H2C

CR
O

CR
O

CR
O

R = organic group 
with C=C bonds
C18 = oleic acid

R = organic group R = organic group 
with C=C bondswith C=C bonds
CC1818 = oleic acid= oleic acid

What is the 
functional group in a 

fat or  oil?

What is the What is the 
functional groupfunctional group in a in a 

fat or  oil?fat or  oil?
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5� � � � � � � � � � �5� � � � � � � � � � �
O

O

O

H2C

HC

H2C

CR
O

CR
O

CR

O

Fats with C=C bonds are usually L IQUDSFats with C=C bonds are usually L IQUDSFats with C=C bonds are usually L IQUDS

Oleic acid: a 
monounsaturated 
fatty acid 

Oleic acid: a Oleic acid: a 
monounsaturated monounsaturated 
fatty acid fatty acid 

C=C bondC=C bondC=C bond
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5� � � � � � � � � � �5� � � � � � � � � � �

Fats with saturated acids (no C=C bonds) 
are SOLIDS.

Fats with saturated acids (no C=C bonds) Fats with saturated acids (no C=C bonds) 
are SOLIDS.are SOLIDS.

O

O

O

H2C

HC

H2C

CR
O

CR
O

CR
O

Saturated fats are 
more common in 

animals. 

Saturated fats are Saturated fats are 
more common in more common in 

animals. animals. 
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5� � � � � � � � $�  � � � 2� � � �5� � � � � � � � $�  � � � 2� � � �
•Bears gorge on blubber  
in the winter .
•Dur ing the summer 
bears rely on stored fat 
for  energy.
•Burn 1-1.5 kg of fat per  
day.
•Water  for  metabolism 
comes from fat burning.

••Bears gorge on blubber  Bears gorge on blubber  
in the winter .in the winter .
••Dur ing the summer Dur ing the summer 
bears rely on stored fat bears rely on stored fat 
for  energy.for  energy.
••Burn 1Burn 1--1.5 kg of fat per  1.5 kg of fat per  
day.day.
••Water  for  metabolism Water  for  metabolism 
comes from fat burning.comes from fat burning.



6161


 � � � � � 5� � � � � � � �� �
 � � � � � 5� � � � � � � �� �
••Oleic acid is a monoOleic acid is a mono––unsaturated unsaturated ciscis--
fatty acidfatty acid
••Trans fatty acids have deleter ious health Trans fatty acids have deleter ious health 
effects. effects. 
••Trans fatty acids raise plasma LDL Trans fatty acids raise plasma LDL 
cholesterol and lower HDL levels.cholesterol and lower HDL levels.

C=C bondC=C bondC=C bond
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5� � � � � � � � � � � ! �5� � � � � � � � � � � ! � � � � � � �� �� � � �� �� � � � � �� �� � � �� �

OCH2
CH

CH2

O� H
O� H

O� H

Glycerol

+ 3  RC� O- Na+

Sodium stearate, a soap

O
O CR

O
O CR

CH2

CH

CH2

O
O CR

Glyceryl stearate, a fat  +  NaOH

R = —(CH2)16CH3

+ 3 NaOH
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� � �� � � : � � � �� � � �� � �� � � : � � � �� � � � ; ;; ; <� � � � 1 
 �<� � � � 1 
 �

NN--methylacetamidemethylacetamide
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� � �� � � : � � � �� � � �� � �� � � : � � � �� � � � ; ;; ; <� � � � 1 
 �<� � � � 1 
 �

Acetoaminophen
Tylenol, Datr il, Momentum, ...
AcetoaminophenAcetoaminophen
Tylenol, Tylenol, Datr ilDatr il , Momentum, ..., Momentum, ...

C

C

C

C

C

C

H

H

N

H

O

H
CC

O

H

H
H

H

H

Amide link
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�  � #��  � #� ;; � � �� � � � � �� �� � �� � � � � �� �

H

C
H3C CO2

NH3

Chiral aaaa-carbon

Alanine

C

H

H2N C

O

OH

R
AcidAmine
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$� � � �� � � � � � � � $� � � � �� �$� � � �� � � � � � � � $� � � � �� �

H3N OŠ

O

HHOCH2H3N OŠ

O

CH3H

N
OŠ

O

CH3H

H

H3N
O

HHOCH2

peptide bond
Ser ineAlanine

+

Adding more peptide links Adding more peptide links ------> PROTEIN> PROTEIN
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$�  � � � � �$�  � � � � �$�  � � � � �

•• Giant molecules made by joining many Giant molecules made by joining many 
small molecules called small molecules called � � � � � � � �� � � � � � � �

•• Average production is 150 kg per  person Average production is 150 kg per  person 
annually in the U.S.annually in the U.S.
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$�  � � � � � �  � � � �� �� � � �� � �$�  � � � � � �  � � � �� �� � � �� � �

•• ThermoplasticsThermoplastics (polyethylene) soften and (polyethylene) soften and 
flow when heatedflow when heated

•• ThermosettingThermosetting plastics plastics —— soft initially soft initially 
but set to solid when heated. Cannot be but set to solid when heated. Cannot be 
resoftenedresoftened..

•• Other  classification: Other  classification: �  � � � �� � ' � � �&� � � ' ��  � � � �� � ' � � �&� � � ' �
�  � � � � � � � ��  � � � � � � � � ' � � � � � �� � � ' � � � #� � �4� �' � � � � � �� � � ' � � � #� � �4� �
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$�  � � � � � $� � � � � � � �� �$�  � � � � � $� � � � � � � �� �

�� � � � �� �� �� � � �� �� � polymers polymers —— directly directly 
adding monomer units togetheradding monomer units together

�� � � � � � � � � � �� �� � � � � � � � � �� � polymers polymers ——
combining monomer units and combining monomer units and 
splitting out a small water  (water)splitting out a small water  (water)
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$�  � � � #�  � � � ! � � � � �� �� � � $�  � � � �$�  � � � #�  � � � ! � � � � �� �� � � $�  � � � �

H2C CH2 C C

H

H

H

H

n

n

EthyleneEthylene PolyethylenePolyethylene

A polymer  with a molar  mass of A polymer  with a molar  mass of 
1e6 has about 36,0000 units.1e6 has about 36,0000 units.
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� � � #� � �� � � � � � � � � �� �� � �� � � #� � �� � � � � � � � � �� �� � �
$�  � � � � �%� � �� �$�  � � � � �%� � �� �
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 � � � � � � � � $�  � � � #�  � � �
 � � � � � � � � $�  � � � #�  � � �

Linear , high density PE L inear , high density PE 
(HDPE)(HDPE)

Branched, low density Branched, low density 
PE, LDPEPE, LDPE

CrossCross--linked PE, CLPElinked PE, CLPE



7373


 � � � � � � � � $�  � � � #�  � � �
 � � � � � � � � $�  � � � #�  � � �

CH2CH

OH

CH2CH

OCCH3

CH2CH

n n n

polyvinyl alcohol polyvinyl acetate polystyrene

Polymers based on Substituted Ethylenes, CH2=CHX

O

Table 11.12: others are PVC, Table 11.12: others are PVC, acrylonitr ileacrylonitr ile, , 
polypropylene, polypropylene, polymethyl methacrylatepolymethyl methacrylate
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$�  � � � � � � � �$�  � � � � � � � �

•• Polystyrene is Polystyrene is nonpolarnonpolar mater ial and dissolves mater ial and dissolves 
in organic solvents.in organic solvents.

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

Slime is Slime is 
polyvinylalcohol polyvinylalcohol 
crosscross--linked linked 
with bor ic acidwith bor ic acid
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� � � � � � � � � �� � � $�  � � � � �� � � � � � � � � �� � � $�  � � � � �

HOC
O

COH
O

C
O

COCH2CH2O
O

+ n HOCH2CH2OH

terephthalic acid ethylene glycol

+  H2O

Polyethylene terephthalate (PET), a polyester

n

n
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$�  � � � � � � � ' � $
 
$�  � � � � � � � ' � $
 


Jackets made from recycled Jackets made from recycled 
PET soda bottlesPET soda bottles

Soda bottles, Soda bottles, mylar  mylar  
film.film.
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$�  � � � � � � � ! � � � � #� � �� �$�  � � � � � � � ! � � � � #� � �� �
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$�  � � � �� � � ! � � �  � �$�  � � � �� � � ! � � �  � �
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$�  � � � �� � � ! � � �  � �$�  � � � �� � � ! � � �  � �

�� 
 � � #� � � � � � � � � #� � � 9� � � � � � � � � �� � �� � � � #� �� �
 � � #� � � � � � � � � #� � � 9� � � � � � � � � �� � �� � � � #� �� �

�� � � � �  � � � �� � �  �� . � � � � � � � � � �� � � �  � � � �� � �  �� . � � � � � � � � � � �  � �� � � �� � ��  � �� � � �� � � � � �� � � 	 �  	 �  

�� � � � �  � � 0� � �  � � � 99� � � �  � � 0� � �  � � � 99

�� $� � � � �� � � � � � �$� � � � �� � � � � � � � �  � � � �� � �� �  � � � �� � �
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$�  � � � � � � � � � �  �� � � � � � &�  �$�  � � � � � � � � � �  �� � � � � � &�  �

LDPE = LDPE = Low density PE = 0.910Low density PE = 0.910--0.925 g/cm0.925 g/cm33

HDPE = HDPE = High density PE = 0.941High density PE = 0.941--0.9650.965
PP = PP = Polypropylene = 0.90Polypropylene = 0.90
V = V = PVC (Vinyl chlor ide) = 1.30PVC (Vinyl chlor ide) = 1.30--1.581.58


