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Chapter 2

* Three Lectures
Wednesday — Atoms, Molecule Water

Friday — Carbon and Polymers

Monday — Four Biomolecules

Carbohydrates, Proteins, Lipids
and Nucleic Acids




OQutline for 2a

1. Structure of Atoms
a. Subatomic Particles
b. Atoms of Life
c. Isotopes and ions
2. Chemical Bonds
a. lonic bonds
b. Covalent Bonds
c. Hydrogen bonds
d. Hydrophobic interactions
3. Properties of Water
1. Hydrogen bond lattice
2. Cohesion/adhesion
3. pH
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Elements and Molecules

Atoms - building blocks of
molecules

Elements - types of atoms
— 92 natural elements

Molecule - composed of two or
more atoms.

Com pounds — molecules Sodium Chloride Sodium Chl‘OI’ide
composed of more than one
element.

Emergent properties

Campbell and Reece, Biology 2005

25 Elements Essential for Life

96% of living matter made of 4 Atomic Percentage
Number of Human
elements. Symbol Element (Seep.34) Body Weight
* Oxygen O o] Oxygen 8 63.0
e Carbon C (= Carbon [ 185
H Hydrogen 1 £
* Hydrogen H N Nitrogen 7 33
H Ca Caleium 20 15
¢ Nltrogen N P Phosphorus 1l 1.0
K Porassium 19 0.4
.. . Sulfur 16 03
0
Most of remaining 4% just 7 e e . o
elements (Ca, P, K, S, Na, Cl a Chlorine 17 02
Mg) Mg Magnesium 12 0.1

Trace elements {less than 0.019%): horon (B), chramium (Cr), cobalt (Ca}, cop-

ini > 0, “ v {Cu), Muorine (F), iodine {1), iron {Fe), manganese (Mn), malybdenum
Remaining >0.1% are “Trace (G Tt 0 ks i 05 g b e
Elements

Campbell and Reece, Biology 2005




Cloud of negative Electrons
charge (2 electrons)
Nucleus

* 3 Subatomic Particles
— Protons
— Neutrons
— Electrons

Structure of Atoms

er 8 & electron
(negative charge)
electron
shell proton
ositive charge
nucleus ——— {e n (p ge)
n neutron
(no charge)
Hydrogen (H) Helium (He)
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* Characteristics of Particles
— Location

Atomic Number

Atomic mass

— Atomic Charge

Atomic Volume (Size)




Structure of Typical Atoms

Rule 1

Neutral atoms have equal number of protons and
electrons

Rule 2

Typically, atoms have equal number of protons and
neutrons

Exceptions to these rules
lons — unequal protons and electrons (electric charge)

Nitrogen atom — 7 proton and 7 electron
Nitrogen ion — 7 proton and 6 electrons

(positive charge)

Variable Isotopes — variable number of neutrons

Carbon — 12 (6 protons, 6 neutrons, 6 electrons)
Carbon — 14(6 protons, 8 neutrons, 6 electrons)

Properties of Common Atoms

Element | Abv | Atomic# | Mass# |Valence #
Hydrogen | H 1 1 1
Carbon C 6 12 4
Nitrogen N 7 14 3
Oxygen @) 8 16 2




Four Chemical Bonds

» Strong Chemical Bonds
* lonic Bonds
e Covalent Bonds

* Weak Chemical Bonds
» Hydrogen Bonds

* Other Interactions
» Hydrophobic Interactions

lonic Bonds

Na cl Na*® cI-
Sodium atom Chlorine atom Sodium ion Chloride ion
(an uncharged (an uncharged (a cation) (an anion)
atom) atom) \ 7

Sodium chloride (NaCl)

Attraction between positive ions and negative ions




Covalent Bonds

Hydrogen atems (2 H)

s 0 00©-

hydrogen (H) hydrogen (H)
atom \ / atom

(a) Hydrogen molecule
Copyigh 02008 Parsin Prersicn Hal. e

Properties of Covalent Bonds

Sharing of pair of electrons ({@/} H—H

Strongest of chemical bonds “ .
Valence number
@
0—H
(@) )

Single, Double, and Triple
bonds

Important for Shape of
Molecules

Nonpolar/polar forms

Ele- | Valence
ment #

H 1

c 4

N 3

o 2




Polar Covalent Bonds

(a) Polar water molecule (b) Nonpolar methane molecule
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Oxygen and Nitrogen are electronegative atoms

Hydrogen Bonds

» Attraction between a

hydrogen with a partial Q“ HQ
positive charge and an !
electronegative atom

(oxygen or nitrogen.) Q GH
« Requires polar bonds. ‘p ¢

+ H
g

i H--';_ B
H ‘ I b hydrogen bond
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* \Weak Interaction -




Hydrophobic Interactions

* Solvent and Solutes

Hydrophobic Molecules
HYDROPHOBIC FORCES

Hydrophilic Molecules

Properties of Water to‘)@%

« Hydrogen bond @
Lattice i~ O

» Solvent Qualities —
hydrophilic
molecules

» Cohesion and
Adhesion

* lonization/pH




lonization and pH
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water hydroxide ion hydrogen ion
(H,0) (OHY) (H*)
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1-molar hydrochionc
ackd (HCI)

stomach acid
lime juice

larmon julca

“acid rain” (25-5.5)
wvinagar, cola, oranga juice,
lomaloes.

bear

black collea, taa

moneal rain (5.6)
wrine (5.7}

pure water (7.0
saliva
biood, swaat (7.4)

saawalor (7.8-8.3)

Bking soda

phosphate datergents
chionina bleach
milk of magnasia

household ammonia
some datergents
{without phosphates)

washing socda

oven cleaner

1-molar sodium
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