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Themes in the Study of Life
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Natural Selection and change:
Focus

• Biology is the study of life, and biologists study life and living systems

• In the process of studying life and living systems, we will see that many 

complexities, relationships and themes are revealed.

• 1.1 The study of life reveals common themes (5)

• Of these 5, Evolution is the most pervasive and considered to be the at the core of 

biological principles and processes
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Natural Selection and change:
5 Themes of Living Systems

• 5 distinct biological themes:

1. Organization – hierarchy or association of atoms, molecules, organisms and ecosystems

2. Information – genetic information is expressed and transmitted to others

3. Energy and Matter – energy & matter are both transferred and transformed in biological 

processes

4. Interactions – Biology studies interactions between atoms, molecules, organisms and 

populations

5. Evolution – The ability of living organisms to change over time is central to all biological study
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Natural Selection and change:
Observing and Testing

• 1.3 In studying nature, scientists make observations and form and test hypotheses

• The word science is derived from a Latin verb meaning “to know”

• At the heart of science is inquiry



Natural Selection and change:
Observing and Testing

• 1.3 In studying nature, scientists make observations and form and test hypotheses

• Biologists try to understand natural phenomena using the scientific method

• Scientists plan careful observations

• Observations can lead to important questions

• Deduction is built into hypothesis-based science



Natural Selection and change:
Observing and Testing

• 1.3 In studying nature, scientists make observations and form and test hypotheses

• Biologists try to understand natural phenomena using the scientific method

SCIENTIFIC METHOD:

1. Observation (needs to be careful, complete and reflective)

2. Question (should be as specific as possible – often revised)
• Should be guided by your observations

3. Hypothesis (Statement presuming an explanation for the question)

• Should focus on the experimental (independent) variable

4. Experiment (Process that tests your hypothesis)

5. Conclusion (Either supports or refutes the hypothesis)

• Often may lead to additional questions



Natural Selection and change:
Observing and Testing

• 1.3 In studying nature, scientists make observations and form and test hypotheses

• Biologists try to understand natural phenomena using the scientific method

The hypothesis should focus on the (independent) experimental 

variable

In science, an experimental variable is a specific condition (attribute or 

characteristic) that can be manipulated in a way that will reveal 

information regarding a hypothesis. 

The experimental variable is the ONLY thing that should ever change in 

a well-designed experiment. If there is more than one variable, it is not 

reasonable to deduce a specific cause and effect relationship.

The experimental variable should be the precise focus of the 

experimental hypothesis



Natural Selection and change:
Observing and Testing

• 1.3 In studying nature, scientists make observations and form and test hypotheses

• Biologists try to understand natural phenomena using the scientific method

Question: What is the experimental variable for 

Hypothesis #1?

Answer = The Power Source

How about Hypothesis #2?

Answer = The Light Source



Natural Selection and change:
Observing and Testing

• 1.3 In studying nature, scientists make observations and form and test hypotheses

• Observations and experimental results must be repeatable and controlled

• Experimental controls help to determine if an experimental system is working properly

• A positive control is an experimental trial that will yield a ‘positive result’, showing that the entire 

system or process has the ability to work properly. Often, the experimental variable will be replaced 

with something that will generate a guaranteed, known response

• A negative control is an experimental trial that is lacking the experimental variable, and therefore, 

should not yield a positive result

o A negative control can help to determine the degree to which the variable might affect the system



Natural Selection and change:
Observing and Testing

• 1.3 In studying nature, scientists make observations and form and test hypotheses

• If there is “truth” in science, it is conditional

• In Science, the “truth” is only as strong as the current evidence

• Science will continually redefine the truth as technology, 

evidence and information change  

• As evidence changes, so will science…
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The Chemical Context of Life:
A Chemical Connection to Biology

CONCEPTS:

• 2.1 Matter consists as pure chemical elements or in combinations called compounds

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

• Know the locations, functions and charges for subatomic particles

• 2.3 The formation & function of molecules depend on chemical bonding between atoms

• 2.4 Chemical reactions make and break chemical bonds
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The Chemical Context of Life:
A Chemical Connection to Biology

OVERVIEW:

• Matter is made up of elements. An element is a substance that cannot be broken down to 

other substances by chemical reactions

Each element consists of unique atoms. 

An atom is the smallest unit of matter 

that still retains the properties of an 

element



The Chemical Context of Life:
A Chemical Connection to Biology

OVERVIEW:

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

ratio

• Compounds have different properties than the atoms from which they are made

• Pure sodium is a reactive metal, and pure chlorine is a poisonous gas. When chemically 

combined, however, sodium and chlorine form an edible compound (Sodium Chloride).



The Chemical Context of Life:
A Chemical Connection to Biology

2.1 Matter consists as pure chemical elements or in combinations called compounds

• About twenty-five chemical elements are essential for life

• About 20–25% of the 92 naturally occurring elements are essential elements that are necessary for 

living things.



The Chemical Context of Life:
A Chemical Connection to Biology

2.1 Matter consists as pure chemical elements or in combinations called compounds

• Twenty-five chemical elements are essential for life

• Six atoms make up the components of organic molecules

• CHNOPS – Biomolecules

• Carbon

• Hydrogen

• Nitrogen

• Oxygen

• Phosphorous

• Sulfur



The Chemical Context of Life:
A Chemical Connection to Biology

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

• Atoms are composed of even smaller parts called subatomic particles

• Each electron has one unit of negative charge, each proton has one unit of positive charge, 

and neutrons are electrically neutral



The Chemical Context of Life:
A Chemical Connection to Biology

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

• For convenience, a smaller unit, the dalton, is used to measure the masses of subatomic 

particles, atoms, and molecules

• All atoms of a particular element have the same number of protons in their nuclei.

o The number of protons determines the type of atom (Atomic Number)



The Chemical Context of Life:
A Chemical Connection to Biology

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

• Atoms consist of 3 primary types of subatomic particles

• Protons

• Number of protons determines the type of atom

• Neutrons

• Number of neutrons determines the mass of an atom

• Electrons

• Number of electrons determines the chemical 

properties of atoms



The Chemical Context of Life:
A Chemical Connection to Biology

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

• Unless otherwise indicated, atoms have equal numbers of protons and electrons and, 

therefore, no net charge.

• This occurs because protons have a (+) charge, 

electrons have a (-) charge, and neutrons have no 

charge at all

o The charges of protons and electrons cancel each 

other out, leaving the atom with a neutral charge

• There are instances when an atom can gain or lose 

an electron, becoming charged. Charged atoms are 

called ions



The Chemical Context of Life:
A Chemical Connection to Biology

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

• Two atoms of the same element that differ in the # of neutrons are called isotopes

• In nature, an element occurs as a mixture of isotopes.

• Most isotopes are stable; they do not tend to lose particles.



The Chemical Context of Life:
A Chemical Connection to Biology

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

• Electron configuration influences the chemical behavior of an atom

• When two elements interact during a chemical reaction, it is actually their electrons that are 

involved.



The Chemical Context of Life:
A Chemical Connection to Biology

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

• The electrons of an atom vary in the amounts of energy 

they possess.

✓ Energy is the ability to cause change, by doing work.

✓ Potential energy is the energy that matter stores 

because of its structure or location.

• Electrons have potential energy because of their positions 

relative to the nucleus.

• Changes in an electron’s potential energy can occur only 

in steps of a fixed amount, moving the electron to a fixed 

location relative to the nucleus.

• This is referred to as “quantized”, and the study of 

this is called quantum mechanics



The Chemical Context of Life:
A Chemical Connection to Biology

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

• Electron configuration influences the chemical behavior of an atom

• The different states of potential energy of the electrons of an atom are called electron shells.

• The behavior of an atom is determined by its electron configuration—the distribution of 

electrons in its electron shells.



The Chemical Context of Life:
A Chemical Connection to Biology

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

• An abbreviated periodic table of the elements shows the distribution of electrons in the first 18 

elements from hydrogen to argon.

• The first electron shell can hold only 2 electrons.

✓ Atoms with more than 2 electrons must have the extra electrons in higher shells.

• The second shell can hold up to 8 electrons.



The Chemical Context of Life:
A Chemical Connection to Biology

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

• The chemical behavior of an atom depends mostly on the number of electrons in its outermost 

shell, the valence shell

• Atoms with the same number of valence electrons have similar chemical behaviors



The Chemical Context of Life:
A Chemical Connection to Biology

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

• An atom with a completed valence shell, like neon, is inert or chemically nonreactive.

• All other atoms are chemically reactive because they have incomplete valence shells
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2.2 An element’s properties depend on the structure of its atoms

• Atoms with incomplete valence shells are unstable. These atoms are called reactive and have 

a higher energy.

• 2nd Law of Thermodynamics states that all energetic systems will spontaneously go from a 

higher energy (unstable) state, to a lower energy (stable) state.

This means that reactive atoms will always 

seek a less reactive state – one that can fill 

its orbitals 

• Atoms with complete valence shells are happy!

• Atoms with incomplete valence shells are unhappy!

Unhappy atoms will form bonds to become happy!
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A Chemical Connection to Biology

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

• Atoms with incomplete valence shells are unstable. These atoms are called reactive and have 

a higher energy.

• 2nd Law of Thermodynamics states that all energetic systems will spontaneously go from a 

higher energy (organized) state, to a lower energy (disorganized) state.

This means that reactive atoms will always 

seek a less reactive state – one that can fill 

its orbitals 

• Atoms with complete valence shells are stable!

• Atoms with incomplete valence shells are unstable!

Unstable atoms will form bonds to become stable!
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2.2 An element’s properties depend on the structure of its atoms

• The paths of electrons are often portrayed as concentric paths, like planets orbiting the sun.  In 

reality, an electron occupies a more complex three-dimensional space, an orbital.

• The orbital is the space in which the electron is found 90% of the time.
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2.2 An element’s properties depend on the structure of its atoms

• When atoms interact to complete their valence shells, it is the unpaired electrons that are 

involved.



The Chemical Context of Life:
A Chemical Connection to Biology

2.3 The formation & function of molecules depend on chemical bonding between atoms

• Atoms with incomplete valence shells can interact with each other by sharing or transferring

valence electrons.

• These interactions typically result in the atoms remaining close together, held by attractions 

called chemical bonds.

Chemical Bond:

A strong force of attraction holding 

atoms together in a molecule or 

crystal, resulting from the sharing or 

transfer of electrons.
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The Chemical Context of Life:
A Chemical Connection to Biology

2.3 The formation & function of molecules depend on chemical bonding between atoms

• The strongest chemical bonds are covalent bonds…  ionic bonds are not as strong.

• A covalent bond is formed when two atoms share a pair of valence electrons.

o Two or more atoms held together by covalent bonds constitute a molecule.



The Chemical Context of Life:
A Chemical Connection to Biology

2.3 The formation & function of molecules depend on chemical bonding between atoms

• Oxygen needs to add 2 electrons to the 6 already present to complete its valence shell.

• Every atom has a characteristic total number of covalent bonds that it can form, equal to the 

number of unpaired electrons in the outermost shell. This bonding capacity is called the atom’s 

valence.

• An ionic bond can form if two atoms are so unequal in their attraction for valence electrons that 

one atom strips an electron completely from the other.



The Chemical Context of Life:
A Chemical Connection to Biology

2.3 The formation & function of molecules depend on chemical bonding between atoms

• Atoms differ in the degree of their attraction for shared electrons. The attraction of an atom for 

electrons in its own or other atoms is called its electronegativity.

• Electronegativity accounts for 2 types of 

covalent bonds

Polar Covalent and Nonpolar Covalent

Polarity is a chemical property that is 

characterized by a separation of electrical 

charge



The Chemical Context of Life:
Two Types of Covalent Bonds

2.3 The formation & function of molecules depend on chemical bonding between atoms

• Electrons in a covalent bond are shared equally in a nonpolar covalent bond.

• When two atoms that differ in electronegativity bond, they do not share the electron pair equally, 

and they form a polar covalent bond.
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2.3 The formation & function of molecules depend on chemical bonding between atoms

• An ionic bond can form if two atoms are so unequal in their attraction for valence electrons that 

one atom strips an electron completely from the other

• After the transfer, both atoms are no longer neutral but have charges and are called ions.

• Atoms with positive charges are cations.

• Atoms with negative charges are anions.

Because of differences in charge, 

cations and anions are attracted to 

each other and can form an ionic

bond.



The Chemical Context of Life:
Ionic Bonds

2.3 The formation & function of molecules depend on chemical bonding between atoms

• An ionic bond can form if two atoms are so unequal in their attraction for valence electrons that 

one atom strips an electron completely from the other

• After the transfer, both atoms are no longer neutral but have charges and are called ions.

• Atoms with positive charges are cations.

• Atoms with negative charges are anions.

Because of differences in charge, 

cations and anions are attracted to 

each other and can form an ionic

bond.



The Chemical Context of Life:
Ionic Bonds

2.3 The formation & function of molecules depend on chemical bonding between atoms

• Compounds formed by ionic bonds are ionic compounds, or salts. An example is NaCl, or table 

salt.

• Ionic compounds can have ratios of elements different from 1:1.

• The strength of ionic bonds depends on environmental conditions, such as moisture or pH.

• Water can dissolve salts by reducing the attraction between the salt’s anions and cations.



The Chemical Context of Life:
Two Types of Covalent Bonds

SUMMARY:

• Electrons in a covalent bond are shared equally in a nonpolar covalent bond.

• When two atoms that differ in electronegativity bond, they do not share the electron pair equally, 

and they form a polar covalent bond.

• An ionic bond can form if two atoms are so unequal in their attraction for valence electrons that 

one atom strips an electron completely from the other



The Chemical Context of Life:
Weak Interactions: Van der Waals Forces and Hydrogen Bonds

2.3 The formation & function of molecules depend on chemical bonding between atoms

• Hydrogen bonds form when a hydrogen atom that is already covalently bonded to one 

electronegative atom is attracted to another electronegative atom.

• Even molecules with nonpolar covalent bonds can have temporary regions of partial negative 

and positive charge.

Water molecules are 

held together by 

hydrogen bonds!



The Chemical Context of Life:
Weak Interactions affect the shape of molecules:

2.3 The formation & function of molecules depend on chemical bonding between atoms

• Although weak interactions (ionic, hydrogen, van der Waals) are temporary and individually 

weak, collectively they are strong and play important biological roles.

• A molecule’s biological function is related to its shape, shape is influenced by hydrogen bonds.

• The three-dimensional shape of a molecule is an important determinant of its function in a cell.

✓ Hydrogen bonds are not ‘true’ chemical bonds!

Chemical Bond:

A strong force of attraction holding 

atoms together in a molecule or 

crystal, resulting from the sharing or 

transfer of electrons.



The Chemical Context of Life:
Form and Function

2.3 The formation & function of molecules depend on chemical bonding between atoms

• A molecule’s biological function is related to its shape.

• Biological molecules recognize and interact with one another with a specificity based on 

molecular shape.

• Molecules with similar shapes can have similar biological effects.



The Chemical Context of Life:
A Chemical Connection to Biology

2.4 Chemical reactions make and break chemical bonds

• In chemical reactions, chemical bonds are broken and reformed, leading to new 

arrangements of atoms.

• The starting molecules in the process are called reactants, and the final molecules are 

called products.

• In a chemical reaction, all of the atoms in the reactants must be present in the products.

• All chemical reactions are reversible, with the products in the forward reaction becoming the 

reactants in the reverse reaction.


