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Chapter 2

The Chemical Context of Life



Overview: A Chemical Connection to Biology

• Biology is a multidisciplinary science

• Living organisms are subject to basic laws of 
physics and chemistry

• One example is the use of formic acid by ants to 
maintain “devil’s gardens,” stands of Duroia trees
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Fig. 2-2a
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Fig. 2-2b
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Concept 2.1: Matter consists of chemical elements in 
pure form and in combinations called compounds

• Organisms are composed of matter

• Matter is anything that takes up space and has 
mass
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Elements and Compounds

• Matter is made up of elements 

• An element is a substance that cannot be 
broken down to other substances by 
chemical reactions

• A compound is a substance consisting of 
two or more elements in a fixed ratio

• A compound has characteristics different 
from those of its elements
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Essential Elements of Life

• About 25 of the 92 elements are essential to life

• Carbon, hydrogen, oxygen, and nitrogen make up 

96% of living matter

• Most of the remaining 4% consists of calcium, 

phosphorus, potassium, and sulfur

• Trace elements are those required by an organism in 

minute quantities
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Table 2-1



(a) Nitrogen deficiency

Fig. 2-4

(b) Iodine deficiency



Fig. 2-4a

(a) Nitrogen deficiency



Fig. 2-4b

(b) Iodine deficiency



Concept 2.2: An element’s properties
depend on the structure of its atoms

• Each element consists of unique atoms

• An atom is the smallest unit of matter that still 

retains the properties of an element
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Subatomic Particles

• Atoms are composed of subatomic particles

• Relevant subatomic particles include:

– Neutrons (no electrical charge)

– Protons (positive charge)

– Electrons (negative charge)
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• Neutrons and protons form the atomic 
nucleus

• Electrons form a cloud around the nucleus

• Neutron mass and proton mass are almost 
identical and are measured in daltons
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Atomic Number and Atomic Mass

• Atoms of the various elements differ in number 

of subatomic particles

• An element’s atomic number is the number of 

protons in its nucleus

• An element’s mass number is the sum of 

protons plus neutrons in the nucleus 

• Atomic mass, the atom’s total mass, can be 

approximated by the mass number
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Isotopes

• All atoms of an element have the same number 

of protons but may differ in number of neutrons

• Isotopes are two atoms of an element that 

differ in number of neutrons

• Radioactive isotopes decay spontaneously, 

giving off particles and energy
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• Some applications of radioactive isotopes in 
biological research are:

– Dating fossils

– Tracing atoms through metabolic processes

– Diagnosing medical disorders

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



Fig. 2-6
TECHNIQUE

RESULTS

Compounds including
radioactive tracer
(bright blue)

Incubators

1 2 3

4 5 6

7 8 9

10°C 15°C 20°C

25°C 30°C 35°C

40°C 45°C 50°C

1

2

3

Human cells

Human

cells are
incubated

with compounds used to
make DNA. One compound is

labeled with 3H.

The cells are
placed in test

tubes; their DNA is

isolated; and

unused labeled

compounds are
removed.

DNA (old and new)

The test tubes are placed in a scintillation counter.

C
o

u
n

ts
 p

e
r 

m
in

u
te

(
1
,0

0
0
)

Optimum
temperature

for DNA

synthesis

Temperature (ºC)

0

10

10

20

20

30

30 40 50



Fig. 2-6a
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Fig. 2-6b
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Fig. 2-7
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The Energy Levels of Electrons

• Energy is the capacity to cause change

• Potential energy is the energy that matter has 

because of its location or structure

• The electrons of an atom differ in their amounts 

of potential energy

• An electron’s state of potential energy is called 

its energy level, or electron shell
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Electron Distribution and Chemical Properties

• The chemical behavior of an atom is 
determined by the distribution of electrons in 
electron shells

• The periodic table of the elements shows the 
electron distribution for each element
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• Valence electrons are those in the outermost 

shell, or valence shell

• The chemical behavior of an atom is mostly 

determined by the valence electrons

• Elements with a full valence shell are 

chemically inert
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Electron Orbitals

• An orbital is the three-dimensional space 

where an electron is found 90% of the time

• Each electron shell consists of a specific 

number of orbitals
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Concept 2.3: The formation and function of 
molecules depend on chemical bonding between 
atoms

• Atoms with incomplete valence shells can 

share or transfer valence electrons with 

certain other atoms

• These interactions usually result in atoms 

staying close together, held by attractions 

called chemical bonds
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Covalent Bonds

• A covalent bond is the sharing of a pair of 

valence electrons by two atoms

• In a covalent bond, the shared electrons count 

as part of each atom’s valence shell
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• A molecule consists of two or more atoms 

held together by covalent bonds

• A single covalent bond, or single bond, is the 

sharing of one pair of valence electrons

• A double covalent bond, or double bond, is 

the sharing of two pairs of valence electrons
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• The notation used to represent atoms and 

bonding is called a structural formula

– For example, H–H 

• This can be abbreviated further with a 

molecular formula 

– For example, H2

Animation: Covalent Bonds
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Fig. 2-12b
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Fig. 2-12c

(c) Water (H2O)

Name and

Molecular
Formula

Electron-

distribution
Diagram

Lewis Dot

Structure and
Structural
Formula

Space-

filling
Model



Fig. 2-12d
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• Covalent bonds can form between atoms of the 

same element or atoms of different elements 

• A compound is a combination of two or more 

different elements

• Bonding capacity is called the atom’s valence
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• Electronegativity is an atom’s attraction for 

the electrons in a covalent bond

• The more electronegative an atom, the more 

strongly it pulls shared electrons toward itself
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• In a nonpolar covalent bond, the atoms 

share the electron equally

• In a polar covalent bond, one atom is 

more electronegative, and the atoms do 

not share the electron equally

• Unequal sharing of electrons causes a 

partial positive or negative charge for each 

atom or molecule
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Ionic Bonds

• Atoms sometimes strip electrons from their 

bonding partners

• An example is the transfer of an electron 

from sodium to chlorine

• After the transfer of an electron, both 

atoms have charges

• A charged atom (or molecule) is called an 

ion
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Fig. 2-14-2
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• A cation is a positively charged ion

• An anion is a negatively charged ion

• An ionic bond is an attraction between an 

anion and a cation

Animation: Ionic Bonds
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• Compounds formed by ionic bonds are called 

ionic compounds, or salts

• Salts, such as sodium chloride (table salt),  are 

often found in nature as crystals 
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Weak Chemical Bonds

• Most of the strongest bonds in organisms 

are covalent bonds that form a cell’s 

molecules

• Weak chemical bonds, such as ionic 

bonds and hydrogen bonds, are also 

important

• Weak chemical bonds reinforce shapes of 

large molecules and help molecules 

adhere to each other
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Hydrogen Bonds

• A hydrogen bond forms when a 

hydrogen atom covalently bonded to 

one electronegative atom is also 

attracted to another electronegative 

atom

• In living cells, the electronegative 

partners are usually oxygen or nitrogen 

atoms
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Van der Waals Interactions

• If electrons are distributed asymmetrically in 

molecules or atoms, they can result in “hot 

spots” of positive or negative charge

• Van der Waals interactions are attractions 

between molecules that are close together as a 

result of these charges
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• Collectively, such interactions can be strong, 

as between molecules of a gecko’s toe hairs 

and a wall surface

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



Fig. 2-UN1



Molecular Shape and Function

• A molecule’s shape is usually very important to 

its function

• A molecule’s shape is determined by the 

positions of its atoms’ valence orbitals

• In a covalent bond, the s and p orbitals may 

hybridize, creating specific molecular shapes
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Fig. 2-17b
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• Biological molecules recognize and interact 

with each other with a specificity based on 

molecular shape

• Molecules with similar shapes can have similar 

biological effects
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Fig. 2-18a
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Concept 2.4: Chemical reactions make and break 
chemical bonds

• Chemical reactions are the making and 

breaking of chemical bonds

• The starting molecules of a chemical 

reaction are called reactants

• The final molecules of a chemical reaction 

are called products
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• Photosynthesis is an important chemical 

reaction 

• Sunlight powers the conversion of carbon 

dioxide and water to glucose and oxygen

6 CO2 + 6 H20 → C6H12O6 + 6 O2
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Fig. 2-19



• Some chemical reactions go to completion: 

all reactants are converted to products

• All chemical reactions are reversible: 

products of the forward reaction become 

reactants for the reverse reaction

• Chemical equilibrium is reached when the 

forward and reverse reaction rates are equal
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Fig. 2-UN6
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Fig. 2-UN7



Fig. 2-UN8



Fig. 2-UN9



Fig. 2-UN10



Fig. 2-UN11



You should now be able to:

1. Identify the four major elements

2. Distinguish between the following pairs of 
terms: neutron and proton, atomic number 
and mass number, atomic weight and 
mass number

3. Distinguish between and discuss the 
biological importance of the following: 
nonpolar covalent bonds, polar covalent 
bonds, ionic bonds, hydrogen bonds, and 
van der Waals interactions
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Chapter 3

Water and the Fitness of 

the Environment



Overview: The Molecule That Supports All of Life

• Water is the biological medium on Earth

• All living organisms require water more than 

any other substance

• Most cells are surrounded by water, and cells 

themselves are about 70–95% water

• The abundance of water is the main reason the 

Earth is habitable
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Fig. 3-1



Concept 3.1: The polarity of water molecules 
results in hydrogen bonding

• The water molecule is a polar molecule: The 

opposite ends have opposite charges

• Polarity allows water molecules to form 

hydrogen bonds with each other

Animation: Water Structure

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings

03_02WaterStructure_A.html


Fig. 3-2

Hydrogen
bond

–
H

+

H

O

+

+

+

–

–

–



Fig. 3-UN1



Concept 3.2: Four emergent properties of water 
contribute to Earth’s fitness for life

• Four of water’s properties that facilitate an 

environment for life are:

– Cohesive behavior

– Ability to moderate temperature

– Expansion upon freezing

– Versatility as a solvent
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Cohesion

• Collectively, hydrogen bonds hold water 

molecules together, a phenomenon called 

cohesion

• Cohesion helps the transport of water against 

gravity in plants

• Adhesion is an attraction between different 

substances, for example, between water and 

plant cell walls

Animation: Water Transport
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• Surface tension is a measure of how hard it is 

to break the surface of a liquid

• Surface tension is related to cohesion
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Fig. 3-4



Moderation of Temperature

• Water absorbs heat from warmer air and 

releases stored heat to cooler air

• Water can absorb or release a large amount of 

heat with only a slight change in its own 

temperature
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Heat and Temperature

• Kinetic energy is the energy of motion

• Heat is a measure of the total amount of kinetic 

energy due to molecular motion

• Temperature measures the intensity of heat 

due to the average kinetic energy of molecules
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• The Celsius scale is a measure of 

temperature using Celsius degrees (°C)

• A calorie (cal) is the amount of heat required 

to raise the temperature of 1 g of water by 1°C

• The “calories” on food packages are actually 

kilocalories (kcal), where 1 kcal = 1,000 cal

• The joule (J) is another unit of energy where 

1 J = 0.239 cal, or 1 cal = 4.184 J
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Water’s High Specific Heat

• The specific heat of a substance is the 

amount of heat that must be absorbed or lost 

for 1 g of that substance to change its 

temperature by 1ºC

• The specific heat of water is 1 cal/g/ºC

• Water resists changing its temperature 

because of its high specific heat
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• Water’s high specific heat can be traced to 

hydrogen bonding

– Heat is absorbed when hydrogen bonds break

– Heat is released when hydrogen bonds form

• The high specific heat of water minimizes 

temperature fluctuations to within limits that 

permit life
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Fig. 3-5
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Evaporative Cooling

• Evaporation is transformation of a substance 

from liquid to gas

• Heat of vaporization is the heat a liquid must 

absorb for 1 g to be converted to gas

• As a liquid evaporates, its remaining surface 

cools, a process called evaporative cooling 

• Evaporative cooling of water helps stabilize 

temperatures in organisms and bodies of water
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Insulation of Bodies of Water by Floating Ice

• Ice floats in liquid water because hydrogen 

bonds in ice are more “ordered,” making ice 

less dense

• Water reaches its greatest density at 4°C

• If ice sank, all bodies of water would eventually 

freeze solid, making life impossible on Earth
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The Solvent of Life

• A solution is a liquid that is a homogeneous 

mixture of substances

• A solvent is the dissolving agent of a solution

• The solute is the substance that is dissolved

• An aqueous solution is one in which water is 

the solvent 
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• Water is a versatile solvent due to its polarity, 

which allows it to form hydrogen bonds easily

• When an ionic compound is dissolved in water, 

each ion is surrounded by a sphere of water 

molecules called a hydration shell
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Fig. 3-7
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• Water can also dissolve compounds made of 

nonionic polar molecules

• Even large polar molecules such as proteins 

can dissolve in water if they have ionic and 

polar regions
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Fig. 3-8
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Fig. 3-8ab
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Fig. 3-8bc
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Hydrophilic and Hydrophobic Substances

• A hydrophilic substance is one that has an 

affinity for water

• A hydrophobic substance is one that does not 

have an affinity for water

• Oil molecules are hydrophobic because they 

have relatively nonpolar bonds

• A colloid is a stable suspension of fine 

particles in a liquid
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Solute Concentration in Aqueous Solutions

• Most biochemical reactions occur in water

• Chemical reactions depend on collisions of 

molecules and therefore on the concentration 

of solutes in an aqueous solution
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• Molecular mass is the sum of all masses of all 

atoms in a molecule

• Numbers of molecules are usually measured in 

moles, where 1 mole (mol) = 6.02 x 1023 

molecules 

• Avogadro’s number and the unit dalton were 

defined such that 6.02 x 1023 daltons = 1 g

• Molarity (M) is the number of moles of solute 

per liter of solution
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Concept 3.3: Acidic and basic conditions affect 
living organisms

• A hydrogen atom in a hydrogen bond between 
two water molecules can shift from one to the 
other:

– The hydrogen atom leaves its electron behind 
and is transferred as a proton, or hydrogen 
ion (H+)

– The molecule with the extra proton is now a 
hydronium ion (H3O

+), though it is often 
represented as H+

– The molecule that lost the proton is now a 
hydroxide ion (OH–)
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• Water is in a state of dynamic equilibrium in 

which water molecules dissociate at the same 

rate at which they are being reformed
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Fig. 3-UN2
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• Though statistically rare, the dissociation of 

water molecules has a great effect on 

organisms

• Changes in concentrations of H+ and OH– can 

drastically affect the chemistry of a cell
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Effects of Changes in pH

• Concentrations of H+ and OH– are equal in 

pure water

• Adding certain solutes, called acids and bases, 

modifies the concentrations of H+ and OH–

• Biologists use something called the pH scale to 

describe whether a solution is acidic or basic 

(the opposite of acidic)
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Acids and Bases

• An acid is any substance that increases the H+

concentration of a solution

• A base is any substance that reduces the H+

concentration of a solution
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The pH Scale

• In any aqueous solution at 25°C the product of 

H+ and OH– is constant and can be written as                                                            

[H+][OH–] = 10–14

• The pH of a solution is defined by the negative 

logarithm of H+ concentration, written as             

pH = –log [H+]

• For a neutral aqueous solution                                             

[H+] is 10–7 = –(–7) = 7 
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• Acidic solutions have pH values less than 7

• Basic solutions have pH values greater than 7

• Most biological fluids have pH values in the 

range of 6 to 8
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Buffers

• The internal pH of most living cells must remain 

close to pH 7

• Buffers are substances that minimize changes 

in concentrations of H+ and OH– in a solution

• Most buffers consist of an acid-base pair that 

reversibly combines with H+
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Threats to Water Quality on Earth

• Acid precipitation refers to rain, snow, or fog 

with a pH lower than 5.6

• Acid precipitation is caused mainly by the 

mixing of different pollutants with water in the 

air and can fall at some distance from the 

source of pollutants

• Acid precipitation can damage life in lakes and 

streams

• Effects of acid precipitation on soil chemistry 

are contributing to the decline of some forests
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• Human activities such as burning fossil fuels 

threaten water quality

• CO2 is released by fossil fuel combustion and 

contributes to:

– A warming of earth called the “greenhouse” 

effect

– Acidification of the oceans; this leads to a 

decrease in the ability of corals to form calcified 

reefs
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Fig. 3-11
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Fig. 3-UN4
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Fig. 3-UN5
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Fig. 3-UN6
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You should now be able to:

1. List and explain the four properties of water 
that emerge as a result of its ability to form 
hydrogen bonds

2. Distinguish between the following sets of 
terms: hydrophobic and hydrophilic 
substances; a solute, a solvent, and a 
solution

3. Define acid, base, and pH

4. Explain how buffers work
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Carbon and the Molecular 

Diversity of Life



Overview: Carbon: The Backbone of Life

• Although cells are 70–95% water, the rest 

consists mostly of carbon-based compounds

• Carbon is unparalleled in its ability to form 

large, complex, and diverse molecules

• Proteins, DNA, carbohydrates, and other 

molecules that distinguish living matter are all 

composed of carbon compounds
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Fig. 4-1



Concept 4.1: Organic chemistry is the study of 
carbon compounds

• Organic chemistry is the study of compounds 
that contain carbon

• Organic compounds range from simple 
molecules to colossal ones

• Most organic compounds contain hydrogen 
atoms in addition to carbon atoms
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• Vitalism, the idea that organic compounds arise 

only in organisms, was disproved when 

chemists synthesized these compounds

• Mechanism is the view that all natural 

phenomena are governed by physical and 

chemical laws
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Fig. 4-2
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Concept 4.2: Carbon atoms can form diverse 
molecules by bonding to four other atoms

• Electron configuration is the key to an atom’s 

characteristics

• Electron configuration determines the kinds 

and number of bonds an atom will form with 

other atoms
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The Formation of Bonds with Carbon

• With four valence electrons, carbon can form 
four covalent bonds with a variety of atoms

• This tetravalence makes large, complex 
molecules possible

• In molecules with multiple carbons, each 
carbon bonded to four other atoms has a 
tetrahedral shape

• However, when two carbon atoms are joined 
by a double bond, the molecule has a flat 
shape
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Fig. 4-3
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• The electron configuration of carbon gives it 

covalent compatibility with many different 

elements

• The valences of carbon and its most frequent 

partners (hydrogen, oxygen, and nitrogen) are 

the “building code” that governs the 

architecture of living molecules
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Fig. 4-4
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• Carbon atoms can partner with atoms other 

than hydrogen; for example:

– Carbon dioxide: CO2

– Urea: CO(NH2)2

O = C = O
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Fig. 4-UN1

Urea



Molecular Diversity Arising from Carbon Skeleton 
Variation

• Carbon chains form the skeletons of most 

organic molecules

• Carbon chains vary in length and shape

Animation: Carbon Skeletons
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Fig. 4-5
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Fig. 4-5a
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Fig. 4-5b
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Fig. 4-5c
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Fig. 4-5d
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Hydrocarbons

• Hydrocarbons are organic molecules 

consisting of only carbon and hydrogen

• Many organic molecules, such as fats, have 

hydrocarbon components

• Hydrocarbons can undergo reactions that 

release a large amount of energy

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings



Fig. 4-6
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Isomers

• Isomers are compounds with the same molecular 

formula but different structures and properties:

– Structural isomers have different covalent 

arrangements of their atoms

– Geometric isomers have the same covalent 

arrangements but differ in spatial 

arrangements

– Enantiomers are isomers that are mirror 

images of each other

Animation: Isomers

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings

04_07Isomers_A.html
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Fig. 4-7a
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Fig. 4-7b
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Fig. 4-7c
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• Enantiomers are important in the 

pharmaceutical industry

• Two enantiomers of a drug may have different 

effects

• Differing effects of enantiomers demonstrate 

that organisms are sensitive to even subtle 

variations in molecules 

Animation: L-Dopa
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Fig. 4-8
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Concept 4.3: A small number of chemical groups 
are key to the functioning of biological molecules

• Distinctive properties of organic molecules 

depend not only on the carbon skeleton but 

also on the molecular components attached 

to it

• A number of characteristic groups are often 

attached to skeletons of organic molecules
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The Chemical Groups Most Important in the 
Processes of Life

• Functional groups are the components of 

organic molecules that are most commonly 

involved in chemical reactions

• The number and arrangement of functional 

groups give each molecule its unique 

properties 
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Fig. 4-9
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• The seven functional groups that are most 

important in the chemistry of life:

– Hydroxyl group

– Carbonyl group

– Carboxyl group

– Amino group

– Sulfhydryl group

– Phosphate group

– Methyl group
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Fig. 4-10a
HydroxylCHEMICAL

GROUP

STRUCTURE

NAME OF 
COMPOUND

EXAMPLE

FUNCTIONAL
PROPERTIES

Carbonyl Carboxyl

(may be written HO—)

In a hydroxyl group (—OH), a

hydrogen atom is bonded to an

oxygen atom, which in turn is

bonded to the carbon skeleton of

the organic molecule. (Do not

confuse this functional group

with the hydroxide ion, OH–.)

When an oxygen atom is

double-bonded to a carbon

atom that is also bonded to
an —OH group, the entire

assembly of atoms is called

a carboxyl group (—COOH).

Carboxylic acids, or organic
acids

Ketones if the carbonyl group is
within a carbon skeleton

Aldehydes if the carbonyl group
is at the end of the carbon

skeleton

Alcohols (their specific names
usually end in -ol)

Ethanol, the alcohol present in
alcoholic beverages

Acetone, the simplest ketone Acetic acid, which gives vinegar
its sour taste

Propanal, an aldehyde

Has acidic properties
because the covalent bond
between oxygen and hydrogen

is so polar; for example,

Found in cells in the ionized
form with a charge of 1– and
called a carboxylate ion (here,

specifically, the acetate ion).

Acetic acid Acetate ion

A ketone and an aldehyde may
be structural isomers with

different properties, as is the

case for acetone and propanal.

These two groups are also
found in sugars, giving rise to

two major groups of sugars:

aldoses (containing an

aldehyde) and ketoses

(containing a ketone).

Is polar as a result of the
electrons spending more time
near the electronegative 
oxygen atom.

Can form hydrogen bonds with
water molecules, helping
dissolve organic compounds
such as sugars.

The carbonyl group (     CO)

consists of a carbon atom

joined to an oxygen atom by a

double bond.



Fig. 4-10b
CHEMICAL
GROUP

STRUCTURE

NAME OF
COMPOUND

EXAMPLE

FUNCTIONAL
PROPERTIES

Amino Sulfhydryl Phosphate Methyl

A methyl group consists of a
carbon bonded to three
hydrogen atoms. The methyl
group may be attached to a
carbon or to a different atom.

In a phosphate group, a
phosphorus atom is bonded to
four oxygen atoms; one oxygen
is bonded to the carbon skeleton;
two oxygens carry negative
charges. The phosphate group
(—OPO3

2–, abbreviated     ) is an
ionized form of a phosphoric acid
group (—OPO3H

2; note the two
hydrogens).

P

The sulfhydryl group
consists of a sulfur atom
bonded to an atom of
hydrogen; resembles a
hydroxyl group in shape.

(may be
written HS—)

The amino group
(—NH2) consists of a
nitrogen atom bonded
to two hydrogen atoms
and to the carbon 
skeleton.

Amines Thiols Organic phosphates Methylated compounds

5-Methyl cytidine

5-Methyl cytidine is a
component of DNA that has
been modified by addition of

the methyl group.

In addition to taking part in
many important chemical
reactions in cells, glycerol

phosphate provides the

backbone for phospholipids,
the most prevalent molecules in
cell membranes.

Glycerol phosphate

Cysteine

Cysteine is an important
sulfur-containing amino
acid.

Glycine

Because it also has a
carboxyl group, glycine
is both an amine and
a carboxylic acid;
compounds with both
groups are called 
amino acids.

Addition of a methyl group
to DNA, or to molecules
bound to DNA, affects

expression of genes.

Arrangement of methyl
groups in male and female
sex hormones affects
their shape and function.

Contributes negative charge
to the molecule of which it is
a part (2– when at the end of
a molecule; 1– when located

internally in a chain of

phosphates).

Has the potential to react
with water, releasing energy.

Two sulfhydryl groups
can react, forming a
covalent bond. This
“cross-linking” helps

stabilize protein

structure.

Cross-linking of
cysteines in hair
proteins maintains the
curliness or 
straightness
of hair. Straight hair can
be “permanently” curled
by shaping it around
curlers, then breaking
and re-forming the
cross-linking bonds.

Acts as a base; can
pick up an H+ from
the surrounding
solution (water, in 

living organisms).

Ionized, with a
charge of 1+, under
cellular conditions.

(nonionized) (ionized)



Fig. 4-10c
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Carboxyl

Acetic acid, which gives vinegar 
its sour taste

Carboxylic acids, or organic 
acids

Has acidic properties
because the covalent bond 
between oxygen and hydrogen 
is so polar; for example,

Found in cells in the ionized 
form with a charge of 1– and 
called a carboxylate ion (here, 
specifically, the acetate ion).

Acetic acid Acetate ion



Fig. 4-10d
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Amino

Because it also has a 

carboxyl group, glycine 

is both an amine and

a carboxylic acid; 

compounds with both 

groups are called 

amino acids.

Amines

Acts as a base; can 

pick up an H+ from 

the surrounding 

solution (water, in 

living organisms).

Ionized, with a 

charge of 1+, under 

cellular conditions.

(ionized)(nonionized)

Glycine



Fig. 4-10e
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Sulfhydryl

(may be 
written HS—)

Cysteine

Cysteine is an important 
sulfur-containing amino 
acid.

Thiols

Two sulfhydryl groups 

can react, forming a 

covalent bond. This 

“cross-linking” helps 

stabilize protein 

structure.

Cross-linking of

cysteines in hair

proteins maintains the 

curliness or straightness 

of hair. Straight hair can 

be “permanently” curled 

by shaping it around 

curlers, then breaking

and re-forming the

cross-linking bonds.



Fig. 4-10f
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Phosphate

In addition to taking part in 

many important chemical 

reactions in cells, glycerol 

phosphate provides the 

backbone for phospholipids, 

the most prevalent molecules in 

cell membranes.

Glycerol phosphate

Organic phosphates

Contributes negative charge 

to the molecule of which it is 

a part (2– when at the end of 

a molecule; 1– when located 

internally in a chain of 

phosphates).

Has the potential to react 

with water, releasing energy.



Fig. 4-10g
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Methyl

5-Methyl cytidine is a 

component of DNA that has 

been modified by addition of 

the methyl group.

5-Methyl cytidine

Methylated compounds

Addition of a methyl group 

to DNA, or to molecules 

bound to DNA, affects 

expression of genes.

Arrangement of methyl 

groups in male and female 

sex hormones affects

their shape and function.



ATP: An Important Source of Energy for Cellular 
Processes

• One phosphate molecule, adenosine 

triphosphate (ATP), is the primary energy-

transferring molecule in the cell 

• ATP consists of an organic molecule called 

adenosine attached to a string of three 

phosphate groups

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings



Fig. 4-UN2



The Chemical Elements of Life: A Review

• The versatility of carbon makes possible the 

great diversity of organic molecules

• Variation at the molecular level lies at the 

foundation of all biological diversity
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Fig. 4-UN3
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Fig. 4-UN4
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Fig. 4-UN5
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Fig. 4-UN6
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Fig. 4-UN9
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Fig. 4-UN10



Fig. 4-UN11



Fig. 4-UN12



Fig. 4-UN13



You should now be able to:

1. Explain how carbon’s electron configuration 

explains its ability to form large, complex, 

diverse organic molecules

2. Describe how carbon skeletons may vary and 

explain how this variation contributes to the 

diversity and complexity of organic molecules

3. Distinguish among the three types of isomers: 

structural, geometric, and enantiomer
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4. Name the major functional groups found in 

organic molecules; describe the basic 

structure of each functional group and outline 

the chemical properties of the organic 

molecules in which they occur

5. Explain how ATP functions as the primary 

energy transfer molecule in living cells
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