Carbon Chemistry and Isomers
e Concents

% ' Oaic hmstly is the chemistry of carbon-containing molecules.

% Carbon has four valence electrons that enable it to make four covalent bonds.
Because of carbon’s ability to form four covalent bonds, carbon can form a diversity of
molecules including long branching chains, rings, and multiple bonds.

% Structural isomers are molecules that have the same formula, but whose atoms are
. arranged differently.

% Geometric isomers are molecules that have the same formula, but have atoms arranged
differently about a double bond.

% Enantiomers are isomers that are mirror images of each other and are not
superimposable.

Carbon can form four covalent bonds
because it has four electrons in its valence
shell. This arrangement allows carbon to
form a vast array of molecules.

» Because of its structuvre,
cerbon can torm an amazing
array of complex molecules.

Carbon can form chains, chains with branches,
double bonds, and rings.

Structural isomers are isomers that have
the same molecular formula but a different
shape because the atoms are arranged
differently.

s same formula
« differeni connections

Geometric isomers are isomers that have
the same molecular formula, but the groups
around a double bond are arranged
differently.

» same formula

s same conneclions

o gifferent arrangement
sround & double bond

Enantiomers are isomers that are mirror
images of one ancther. Like hands, they look
the same but are not superimposable.

" same formula
» same connections
» ditferent arrangement

in space Molecules in the body are only able to
recognize one form of an enantiomer.
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What are organic compounds?

What are the three main elements that make up living things?

What is the maximum number of bonds that a carbon atem can
make with other groups?

What are the rules of carbon compdunds?

What are hydrocarbons?

What are functional groups? Name them and draw them out.
Where do we find functional groups being used?

What is a polymer? A monomer? A hydrolysis reaction? A
dehydration synthesis reaction?

What are the four main carbon molecules that make up all living
organisms?
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 Ztass notes:. VARIATION IN CARBON SKELETONS: HYDROCARBONS -

. Carbon chaifis form the skelstons of organic molecules. The skeletons vary in length and may be straight,
branched, or amanged in ciésed rings. Some carbon skeletons have doubls bonds, whichi vary in‘numberr and
location. Such variation in carbon skeletons is one importdht soiirce of the molecular complexity and diversity that
characterize living matter. In addition, atoms of other elements can be bonded fo the skeletons at availablé sites. -

All the molecules shown below afe hydrocarbons, organic molscules consisting only of carbon and
hydrogen. Atoms of hydrogen are aftached to the carbon.skeleton wherever electrons are available'for covalent
bonding. Hydrocarbons are the major components of pairoleum, which is called a fossil fiel because it consists of
the partially decomposed remains of organisms that lived millions of years ago. Although hydrocarbons are hot
prevalent in iving organisms, many of a csli's organic’ molecules have regions consisting of ‘only carbon and
hydrogen. For example, the molecules known as fats have long hydrocarbon fails aftachéd toa nonhydrocarbon
component. Neither petroleum nor fat mixes with water; both are hydrophobic compounds because the bonds
between the carbon and hydrogen atoms are nonpolar.

Variation in the architecture of organic moleculés can be seen in lsomers, compounds that have the
same molecular formula but different structures and hence different properties. Compare, for example, the tyvo
butanes (below). Both have the molecular formula C4H g, -but they differ in the covalent-arrangement of their

carbon skeletons. The skeleton is straight in butane, but branched in isobutane.
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Biolnov ‘Namg:

Worksheet: HYDROCARBONS ’ Block:

-

1, Why can carbon be described as ﬁﬁg}friendliest atom in the
universe? _ . . L :

2. What is a hydrocarbon?

3. Write the chemical'formulé for methane. How many carbon atoms
does methane have?

4, Draw the structual formula for methane.

5, Write the chemical and structural formulas for ethane.

7. What is an isomer?

8. Write the chemical and structual formulas for butane and
isobutane. ' '

G, What is a double covalent bond?

10. Write the chemical and structural formulas for buténe which has
a double covalent bond, ‘

1., Write the chemicz, &nd =struvctual formulas for benzene.

m




%  Functional side groups are parts of organic molecules that have their own characteristic
properties. Some important functional side groups in biology are hydroxyl, carbonyl,
amine, sulfhydryl, and phosphate groups. |

The hydroxyl group consists of an —OH.
The hydroxyl group has a polarized bond
between the oxygen and the hydrogen

E: i koA %
Alcohols w;—g@

ethanol because oxygen is more electronegative than
] hydronyl group hydrogen. This polar bond makes the
X—C—"GH----CH —X hydroxy! group able to hydrogen-bond.
1) Hydroxy! groups in carbon molecules make
alcohols,

Aldohydos T The carbony! group consists of an oxygen
| *iW™ _ latom double-bonded to-a carbon-atom. When
Hetones B this group is on the last carbon {on the end of
= the molecule), it forms an aldehyde. When

the carbonyl group is within a carbon chain, it

« Carbon is DOUBLE bonded to an oxygen.
forms a ketone.

The carboxyl group consists of a carbon with

Carbonylic Aclds
| g=? g Nonlonized i .ol |2 double-bonded oxygen atom and a hydroxyl
~om H-C-cZ 0 | group. When this group is on a molecule, it is
-c’;g, lonlzed W * | called a carboxylic acid. As an acid, this group
' can ionize and give off a proton.

Kwimes | o W, The amine group_consi;ts of an —NH; group.
Nonlonized | ¢ é ! N;a Amines are found in amino acids, the subunits
tonlzed |0 o "“H | of proteins. Amine groups can accept a
onize proton thus acting as bases.
+/H
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sH Thiofs " e A sul_fhydry! group is found in the amino acid
cysteine. When two sulfhydryl groups come
together, they can form disulfide bridges,
which are strong bonds that give a protein
© some of its structure.
OH o o
suithydryt
group
Phosphate groups are derived from
Organie wor [ 5 phosphoric acid.. They can be found in
Phosphates| "k i | phosphorylated intermediates, which are used
to pass energy from molecule to molecule.
« Phosphate groups are derived from phosphoric
seid (HaPO3). The phosphoric acid has
jonized flost Hts), resviting in the negatively
charged oxygens.
www thinkwell.com info@thinkwell.com
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Chemical

Figure 3.2 Functional groups.

Molecules with the same type of backbone
group attached to the backbone, Many of the:

an still differ according to the type of functional
s¢ functional groups are polar, helping 1o make

i Name Structure Found in characteristics
’ o some amino acids, polar, forms
hydroxyl (alcohol) A—QOH nucleotides, sugars hydrogen bonds
CE’d‘bOXW (aCid) F?__{.:.’..}/(} fats poiar, acidic
O amine acids
Q
ketone 7 some sugars polar
R R &1
L y
aldehycle fr 7 s0me sugars polar
‘ “H
y H amino aclds polar, basic, forms
amino =N, proteins hydrogen bonds
sulfhvdyt o ea, some amino acids forms disudfide
yaty fi--GH _ profeins bonds
‘,? . phospholipids polar, acidic
phosphate R—0—P—~0OH nucleotides E
| nucleic acids :
OH

the molecule soluble in water. in this illustration, the remainder of the molecule {aside from the
functional groups) is representad by an /. '
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