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Fields of Science

Organic chemistry is of vital importance to
* petrochemical

 pharmaceutical

* textile industries

* prime concern is the synthesis of new
organic molecules and polymers

The Importance of Carbon

1. Organic chemistry

2. Most versatile building blocks of
molecules

3. Variation in carbon skeletons
contributes the diversity of organic
molecules

Organic Compounds

« Carbon forms by far the greatest
number of different compounds.

« Compounds containing only hydrogen
and carbon are called hydrocarbons,
the simplest is methane (CH,).
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Arrangement of Carbon Atoms

Ethane

o

Methane

Carbon most versatile building
block of molecules

« 4 valence electrons ¢ Capable of forming
— little tendency to double and triple

gain or loose covalent bonds
electrons « Can combine with
« Can form 4 single atoms of many

covalent bonds different elements




Valen for the major elements of organic mol |

carbon dioxide

The structural formula, O = C = O, shows that each atom has
completed its valence shells

CO, can be classified as either organic or inorganic

CO, is the source for all organic molecules in organisms via the
process of photosynthesis.

Variation = Diversity

» Carbon chains form the skeletons of
most organic molecules.

—Skeletons vary in length and may be
straight, branched, or closed rings.

—May also include double bonds

Alkanes

» C-H single bonds
 Hydrocarbons
« Straight chains, branched or cyclic
* Name ends in —ane
— Methane
— Ethane
— Propane
— Butane

Hydrocarbons

AP

Butane

Cyclohexane

Alkane Chemical Formulas

There are five isomers of hexane, CE‘H14

e e o A
hexane " Notice hexane is a

straight chain
whereas the others
are branched.

¥ 2-methylpentane

¥ 3-methylpentane
The numbers
show to which

>
ﬁ)\ carbon the side

chain is attached.

® 2.2-dimethylbutane

* 23 -dimethylbutane

Alkenes

Double carbon bonds and single carbon-hydrogen
bonds:

C=Cand C-H

Name ends in -ene

Simplest is ethene (ethylene)

-C,H,

— Formed when fruit ripens

Propene used to make rubbing alcohol and some
plastics




The shapes of three simple organic molecules

Variations in carbon skeletons:
Alkanes and Alkenes
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« One or more -OH groups (hydroxyl)  Ethanol
» Name ends in —ol

— Methanol
— Ethanol

 Behave similarly to water molecules
« Liquid at room temp

» Much higher boiling point than other organic
molecules of the same size
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» Form when small organic molecules bond
to form long chains (string of pearls)
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Natural Man Made
«Cotton *Plastic (flexible,
“Wool easily molded)
*Wood *Fibers ( long thin

chains)
*Rubber
*DNA
Polymers

« Some are long strings, like cooked
spaghetti, that slide past each other
— Bending or flexing
— Ex. plastic soda bottle

« Some are meshed like a net
— Elastic property or memory
— Ex. rubber band




Biochemical Compounds

« Naturally occurring organic compounds
 Important to living things

— Carbohydrates

— Proteins

- DNA

« All are polymers

Carbohydrates

e Sugar

— Glucose

— Stored as glycogen
* Starch

— Many glucose molecules bonded together
 Provide energy

Amino Acids

» Made of carbon, hydrogen, oxygen,
nitrogen, and sometimes sulfur.

» Bond together to make proteins- building
blocks

« 20 amino acids in naturally occurring
proteins

» Have amino and carboxyl groups

So what’s a “R” group???

R groups are attached to the
functional group

Glyceral phosphate

Nonpolar Amino Acids
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Condensation Reaction
(or Dehydration Synthesis)

 The process of connecting monomers to make
a polymer.

OH .
Dehydration
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Hydrolysis
The process of breaklng a polymer with the help of
water.

— Basically the reverse of dehydration synthesis.

— In hydrolysis as the covalent bond is broken a
hydrogen atom and hydroxy! group from a split
water molecule attaches where the covalent bond
used to be. g

— Hydrolysis reactions WY vV e
dominate the
digestive process, Hydotyisadca m vater
guided by specific Y
enzymes. w8
) Hydvolysis of a pofymer
Fig. 5.2b

 Ina hydroxyl group (-OH), a hydrogen atom
forms a polar covalent bond with an oxygen
atom, which forms a polar covalent bond to the
carbon skeleton.
— polar covalent bonds improve the solubility of
organic molecules.
— Called alcohols and their names typically end in -ol.

Table 4.1 Functional Groups of Organic Compounds
Functional Group Farmula Name of Compounds Exampla

H H

Hydsoyl OH Akchals

Etharsal
(the drug of alooholic beverages)
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A carbonyl group (>CO) consists of an oxygen
atom joined to the carbon skeleton by a double
bond.

— If the carbonyl group is on the end of the skeleton,
the compound is an aldelhyde.

— If not, then the compound is a ketone.
— Isomers with aldehydes versus ketones have different

QLQPQM1 Groups of Organic Compounds
Functicnal Group Formula Hame of Compounds. Example

o HE &
Carboryl s Abdehydes ||—|:—i:.—\ '_’

H i M

Propund

9 HoOH

—— Ketones u——L—<c—c
Hoow
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A carboxyl group (-COOH) consists of a carbon atom
with a double bond to an oxygen atom and a single bond
to a hydroxyl group.

— Compounds with carboxyl groups are carboxylic acids.

— A carboxyl group acts as an acid because the combined
electronegativities of the two adjacent oxygen atoms increase
the dissociation of hydrogen as an ion (H*).

Table 4.1 Functional Groups of Organic Compounds
Functional Group Formula Name of Compounds. Example

4 : L
Carbaxyd —C,, —c Carbasylic ackls H——C
"OH o H OH

Aceric acid*
whe scid of vinegar

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings




* Anamino group (-NH,) consists of a nitrogen
atom attached to two hydrogen atoms and the
carbon skeleton.

— Organic compounds with amino groups are amines.
— The amino group acts as a base because ammonia
can pick up a hydrogen ion (H*) from the solution.

— Amino acids, the building blocks of proteins, have
amino and carboxyl groups.

Table 4.1 Groups of

functional Group Formula Mame of Compounds Example
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» A sulfhydryl group (-SH) consists of a sulfur atom
bonded to a hydrogen atom and to the backbone.

— This group resembles a hydroxyl group in shape.
— Organic molecules with sulfhydryl groups are thiols.

— Sulfhydryl groups help stabilize the structure of
proteins.

Table 4.1 Functional Groups of Organic Compounds

* A phosphate group (-OPO,?) consists of phosphorus
bound to four oxygen atoms (three with single bonds
and one with a double bond).

— A phosphate group connects to the carbon backbone
via one of its oxygen atoms.

— Phosphate groups are anions with two negative
charges.

— One function of phosphate groups is to transfer
energy between organic molecules (ATP).

Table 4.1 Functional Groups of Organic Compounds

Functional Group Formula Name of Compounds Example
HH
Sulfbydryl —5H Thiols H—C—C—SH
H H
Ethanethial
Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

« Adenosine triphosphate (ATP)
releases energy during cell processes,
enabling organisms to function.

Aderene
NH,
Adenosine triphosphate :
aTR) N
M AN
H—C( N "'l\/

Functional Group Formula Name of Compounds Example
o OHOH H (4]
Phosphate —o—p—0 Ovganic phosphates H=C—C—C— ]I’ o
o HHH (I}
Glyeeral phosghate
Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings
Proteins

Important in about everything an organism does-
many functions & many structures
» Made of amino acids (20 different)
Each amino acid has:
— Hydrogen group
— A carboxyl group

— A variable R group (side chain) attached to a central
carbon

— The R group determines the characteristics of the
amino acid

Proteins

L]

Polymers of amino acids

Carbon, hydrogen, oxygen, nitrogen

Each with their own structure and function
Regulate metabolism




Proteins are chains of amino acids folded into
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Globular protein ‘

Protein Functions

Table 5.1 An Overview of Protein Functions

Type of Protsin Funetion Examples

Sructaral peoteing Support Tnsects and apiders use slk ibers 1o make their cocoons and webs, repontively, Coll-
gen and elaszi hde a ibeous fr & i amimal ive tlssmes, Keratin Is
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ing embrye, Csien, the proteln of
sl Plants have stage pro
T A other wabatances Hy Jobrin, the iron-containing p A vertebraic blood, ¥ -
o she lungs 1o otber parts of the body. Cther protesss trangorn molecules acomss
cell membrases.

Ik & the major spurce of smina acids for baby
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Transport proteing

Harmonal proteins Coondination of an Insulin. a hormaone socreted by the pancroas. b wkate the of
oTgankms activicies sgar In the blood of versebrates.

Heceptos preseing Hesp foell 1o Hecey n ell detect chemical signals
whemical stimuli rebcased by other nerve wells.

Contraciie peolciss Movemen t Actin o are ecspanaibie far the mavement of mces, Othes proteingare

Tespon; the undulations of the orpanelles called cilia and flagella.
Defensive proteim Protecliom agaimt diease Amtilodies combat lacteria and visuses
Ensynsic proteing Digesti -

Sebective accelerati
chemical reactions

Proteins continued

Physical & Chemical Changes

« Alterations in pH, salt concentration,
temperature, or other factors can denature
and/or change the shape of the protein.

* These factors can disrupt H bonds, ionic
bonds, and disulfide bridges that hold them
together.

— Ex. Mutations in DNA

Proteins continued
e Function in: * Enzymes!
— support — Anenzyme is a
— storage catalytic protein.
— transport of other
substances

* Enzymes regulate
— intercellular the movement of
signaling molecules through

— movement metabolic pathways
— and defense against

foreign substances

Enzymes

« Enzymes speed up chemical reactions and
bind to specific substrates.
— The binding of a substrate with an enzyme
causes a change in the enzyme’s shape and
reduces the activation energy of the reaction.

Lipids
Diverse Hydrophobic Molecules

» Most are hydrophobic due to covalent bonds
* Highly diverse in form and function
» 3 forms:

— fats

— phospholipids

— steriods




Saturated and Unsaturated fats and fatty acids

Fats

* Constructed of glycerol and fatty acids
* Used for energy

« Insulation and cushions vital organs

« Fatty acid chains are very hydrophobic

—may vary in length and in types of bonds ond couses
(a) Saturated fat and fatty acid \- (b} unsm%n fat and fatty acid

Oleic
a:.ld

Eduasan tne

Notice the stralght and kinked nature

Fats continued Fats continued
* Saturated Fats: « Unsaturated Fats
— Have no double bonds between carbons, —Have one or more double bonds
therefore they are “saturated” with between carbons
hydrogen. . . .
_ Straight chains —bC::ges the fatty acid chain to kink or

—Solid at room temperature
— Most come from animal sources
—May lead to heart disease

—Liquid at room temperature
—Plant and fish fats (also called oils)

The structure of a phospholipid

Phospholipids

» Two fatty acids, a glycerol and a phosphate

i
]
group g
* Phosphate group makes the head
hydrophilic
* Tails are still hydrophobic
» Major component of cell membranes

Hydrophilic
head

Hydrophobic tails

—Hydrophobic
talls

(@) Structural formula () Space-filling model {c) Phospholipld symbel

e puble

(b) Phospholipid
bilayer




Steroids

* Lipids with 4 fused carbon rings

« Steroids are different due to the functional
groups attached

— Cholesterol is an important component of cell

membranes\ H,C CH,

— Many are hormones cH, CcH,

5

DNA is made up of Nucleotides

Structure:

» Each nucleic acid is made of nucleotides

— A nitrogen base: purines (A and G), and
pyrmidines (C, T and U)

» Genetic Material
« DNA must copy itself
« Certain Proteins unzip,

Nitrogenous|
bage s

— Pentose: Ribose or Deoxyribose  ° 5" 1=
- Phesph -
Phosphate group _Sﬁ,"up“ e
 The sequence of the bases are unique for =%

each gene.

DNA and RNA protein
Purines and Pyrmidines
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single bond

Review

ouble bond

« Condensation reactions join monomers
(small simple molecules) to form polymers.

A condensation reaction releases water as a
by-product.

 In a hydrolysis reaction, water is used to

split polymers into monomers.
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