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Chapter 2

Life’s Chemical Basis

(226) 2 8890585




2.1 Start with atoms (this should be

review for you!!l!)
» Atoms = the building blocks of all substances
- Made up of electrons, protons and neutrons

» Electrons (e-) have a negative charge
- Move around the nucleus

» The nucleus contains protons and neutrons

- Protons (p*) have a positive charge
- Neutrons have no charge
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structural covvalenl ball & stick space-filling

How atoms interact .!. o.?-w >
» Chemical bond T | 9

- An attractive force existing between two atoms when
their electrons interact

» Molecule
> Two or more atoms joined in chemical bonds

» Compounds

- Molecules consisting of two or more elements whose
proportions do not vary

- Example: Water (H,O)

» Mixture ‘_F
> Two or more substances that [ |
> intermingle but do not bond; | s e
- proportions of each ﬂ—' R——
°can vary | - HmL Hetem'qeneous

Element 1 Compound mlxture mixture




Types of Bonding

» lonic Bonding

> A strong mutual
attraction between two
oppositely charges ions
with a large difference
in electronegativity (an
electron is not usually
transferred)

- Example: NaCl (table
salt)

A A crystal of table salt
is a cubic lattice of many
sodium and chloride ions.

of opposite

1 1 — I‘ OI 1
) O ) © O
\ ) / \ / charges holds
0-0 0-0 the two kinds of
ions together in
a lattice.

@ \ B The mutual
' attraction

Chloride ion Sodium ion
17p*, 18e~ 11p*, 10e~
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Covalent Bonding

» Covalent bond

- Two atoms with similar electronegativity and
unpaired electrons sharing a pair of electrons

> Can be stronger than ionic bonds
- Atoms can share one, two, or three pairs of
electrons (single, double, or triple covalent bonds)

(a)

Nonpolar covalent bond

Banding clectrons shared
equally between two atoms,
No charges on sloms

{b) {a}
) u i

Polar covalent bond lonic bond

Bonding electrons shared Complete transfer of ane or mare
nequally between two atoms, valence electrons.
Partial charges on atoms. Full charges on resulting ions



Hydrogen Bonds
» Hydrogen bond

- A weak attraction between a highly electronegative atom

and a hydrogen atom taking part in a separate polar
covalent bond

- Hydrogen bonds do not form molecules and are not
“chemical bonds”

- Hydrogen bonds stabilize the structures of large
biological molecules

hydrogen bond

A A hydrogen (H) bond
is an attraction between
A an electronegative atom
and a hydrogen atom

taking part in a separate
polar covalent bond.

A —_

B Hydrogen bonds are
individually weak, but many
of them form. Collectively,
they are strong enough to
stabilize the structures of
large biological molecules
such as DNA, shown here.

water molecule water molecule
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Chemical vs. Physical Reaction

Ask rself if change is a
matte‘c"ogf style or sulgseﬁnm.

» Physical - Changes
states but can be
changed back.

» Chemical - Can’t
be changed back
to the original
substance.

I OIS N T



2.2 Water’s Life Giving Properties

» Living organisms are mostly water
- the chemical reactions of life are carried out in
water

- Water is essential to life because of its unique
properties

Now that’s what
| call high

quality H20




Properties of Water

» The properties of water are a result of
extensive hydrogen bonding with each other
> Overall, water (H,0) has no charge

> slightly positive H attracted to slightly negative O
end

> Creates a “sticky” molecule O
6_

Hydrogen
: bond

o+

O IQH

O




C Below 0°C (32°F), the hydrogen bonds hold water molecules rigidly in
the three-dimensional lattice of ice. The molecules are less densely packed
in ice than in liquid water, so ice floats on water.




Adhesion and Cohesio

-

» Cohesion = hydrogen
bonding between like
molecules
> Provides surface tension

- Draws water up from roots of
plants

» Adhesion = hydrogen
bonding between water
and other molecules

> Capillary action

> Meniscus

(b)
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» Solvents dissolve solutes creating solutions

» Water dissolves ionic compounds and other
polar molecules




battery acid

pH Scale

» pH is a measure of the
number of hydrogen ions in
a solution

gastric fluid

acid rain J‘

lemon juice

cola

vinegar '

more acidic

orange juice
tomatoes, wine

bananas
beer \

bread
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milk of magnesia

household ammonia

hair remover
bleach

oven cleaner

{0-'4  drain cleaner
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Acids and Bases

» Acids donate hydrogen ions in a water

solution
> pH below 7

» Bases accept hydrogen ions in a water
solution
- pH above 7

» Chemical reactions involving acids and bases
are important to homeostasis




2.3 Macromolecules \";

» Macromolecules
- “giant molecules” - made of smaller molecules
- Monomers = small units that are hooked together
» 4 Groups of Macromolecules |
Carbohydrates
Lipids
Nucleic Acids
Proteins

(@)

(0]

(@)
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Carbohydrates
» Carbohydrates
- Monosaccharides = single sugars
- Glucose, fructose
- Complex Carbohydrates

- Starches, glycogen, cellulose

- Used in animals to store energy and in plants for
structure and energy.

Twitchy consumes
large amounts of
carbs!

Anatomy of the Plant Cell




Lipids

ond causes
n n endin:
} L I p I d S (a) Saturated fat and fatty acid (b) Unsaturated fat and fatty acid

> Fats, oils and waxes :

- Used to store energy and make up
membranes.

» Saturated vs. Unsaturated

o Saturated Fats

- Fat contains the maximum number of
hydrogen atoms

- Unsaturated
- Fat w/fewer hydrogen atoms
(have more double bonds - kinked)




Proteins

» Proteins
> Chains of folded Amino Acids -
» Jobs of Proteins e 3 oot
- Chemical reactions, pump molecules 3
in/out of cell, enable cells to move.

» Amino Acids

99¢, Primary structure

secondary structurel

> There are over 20 different amino acids l[}][
- These form different combinations, . uE :
each combo = a different protein \

tertiary ;
structure

quaternary
structure




Nucleic Acids

» Nucleic Acids ol A ——
> Chains of nucleotides o -
» Types of Nucleic Ao Ao

ACIdS Guanine @
> DNA - o L
: : vl
deoxyribonucleic acid QL@ .
. |
- Contains the sugar 0

deoxyribose o
NH5 ase pair NH;
- Double Stranded N, N\C/!!\N

Sugar
phosphate
backbone

H— 4\
N’ / H

> RNA - ribonucleic acid i o
- Contains the sugar

- Thymine - Uracil
ribose : Ay
. H3C\C/C\ A He .~ A
- Single Stranded &) F
N N/C*o PN N/‘:‘o
N 4
replaces Thymine in RNA
DNA RNA
Nitrogenous Nitrogenous
Bases Deoxyribonucleic acid Ribonucleic acid Bases

Image adapted from: National Human Genome Research Institute.



2.4Activation Energy & Enzymes

» Activation Energy
- The energy needed to start a chemical reaction

» Enzymes
> Proteins that lower the activation energy (they speed

up reactions)
/_\ IIE (without catalyst)

/ \ \ fEE (with catalyst)

Initial state with ‘
AJG

Final state

Free energy —»

Progress of the reaction ——




Energy Substrate Complex

» Substrate - a molecule that an enzyme reacts
with

» Enzyme-Substrate Complex - Certain enzymes
(proteins) can only bind with specific
substrates.

Substrate
Active : ;; 3

Site l } ! l




2 Types of Energy Changes

» Endothermic - Absorbs energy
» Exothermic - Releases Energy
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A A

Initial
state
A r———— Einitial Efin al

Efinal < Einitial Efinal > Einitial
AE<O0  Energy lost to AE>0  Energy gained

surroundings | Initial . from surroundings
Eﬁnal L= _—— ] Einitial

A E of system decreases B E of system increases

W -

Energy, E
Energy, E




