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BIO 5099: Molecular Biology
for Computer Scientists (et al)

Lecture 6: 
A little bit of chemistry
http://compbio.uchsc.edu/hunter/bio5099
Larry.Hunter@uchsc.edu

A tiny bit more on Dinosaurs

Go back to the Museum!  The Mesozoic exhibit we 
didn't see is the strength of the DMNS.
Ultimate Dinosaur Book by Lambert & Ostrom

First “Biology,” now “Molecular”

Evolution is one key determinant of living 
characteristics.  The other is chemistry.
Life obeys the same physical rules as the rest of the 
universe.   Two key questions:
Transforming matter and energy into copies of self 
involves a particular set of chemical reactions
– What is the chemistry of life?  What is (and isn't) special about 

that chemistry?
What role do thermodynamic considerations play in 
life? 
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Matter

Substances have two kinds of properties:
– Physical properties: e.g. color, density, phase (gas, solid)
– Chemical properties: kind of matter, not state of matter.

Most substances around us are mixtures. 
– Mixtures are held together by physical forces, not chemical ones.

Mixtures that are homogeneous (that is, uniformly 
distributed) are solutions.  
– Solute is dissolved in a solvent to make a solution
– Aqueous solution is one where water is the solvent.
– Salt water is a solution; salt and pepper is just a mixture. 

Compounds

Take any substance, and start grinding it up, breaking 
it into smaller pieces.
– It takes work (energy) to break it into pieces
– Substances in a mixture can be separated from each other by 

physical means (e.g. filter or centrifuge)

A substance that cannot be physically separated  into 
fractions with different chemical properties is called 
pure; it is composed of a single compound.
– Compound examples: water, sugar, salt, vinegar
– Mixture examples: sea water, cement, eggs, milk

Molecules & Moles

A Molecule is the fundamental unit of (most) 
compounds
The smallest amount of a compound that retains its 
chemical properties.
The unit measuring the amount of a substance is the 
mole. 
– Number of molecules in a mole is the Avogadro constant, about 

6 x 1023

– One mole of a compound has mass of its molecular weight in 
grams.  E.g. One mole of carbon weighs 12 grams.
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Elements & Atoms

Some compounds can be chemically decomposed into 
simpler components
– E.g. water can be electrolyzed into hydrogen and oxygen

Compounds which cannot be chemically decomposed 
are called elements.
An atom is the smallest portion of an element that can 
exist. 
Compounds and their components are called chemical 
species

Subatomic particles

Atoms consist of a dense central nucleus of protons
and neutrons surrounded by a cloud of orbiting 
electrons.
These subatomic particles are 
described (mostly) by mass and charge  
– Proton: mass ~1.0073 Dalton, charge +1
– Neutron: mass ~1.0087 Dalton, charge 0
– Electron: mass ~0.00055 Dalton, charge -1

All of the atoms of an element have the same number 
of protons (although the number of neutrons can vary 
in an isotope)

Electronic properties

The chemical properties of a compound are mostly 
determined by its electrons. 
The net charge of a compound is the sum of the 
charges of its components.
– Compounds with 0 net charge are neutral 
– Compounds with non-zero net charge are ions or ionized
– Unlike charges attract, and like charges repel.

The oxidation state (~ valence) of a compound has to 
do with the number of electrons that can be transferred 
or shared.  Key to chemical bonds
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Electron orbitals

An orbital is a region in which an electron has a high 
probability of occupying. 
The outermost orbital determines 
oxidation state.
Orbitals depend on number
of electrons (and QM)

Image (not computer model!) of electron 
orbitals in CuO. The nuclei of the copper 
atoms (not shown) are at the center of the 
blue and red shaded orbitals and those of the 
oxygen atoms (not visible) are at the center 
and corners of the cube. The fuzzy pink 
clouds are less defined electron clouds 
showing covalent bonds.

Valence 

The valence of an element is the number of electrons 
available for sharing or transferring.
Oxidation state is generalization of this...
The outermost orbit is most stable with 8 electrons (or 
2 if only one orbit). 
– Atoms with less than 4 valence electrons tend to donate them, 

and are assigned positive valence
– Atoms with more than 4 valence electrons tend to accept 

electrons, and are assigned negative valence 
– Atoms with 4 valence electrons (particularly carbon!) have 

valence of ±4.

Bonds and Molecules

A chemical bond is a strong force that holds atoms 
together.  Molecules are groups of atoms that are 
bonded together. 
The basis of a bond is the transfer or sharing of 
electrons among atoms.  Atoms combine 
so that
– Outermost shell is full 
– Net charge is 0.

Lewis diagrams &
Periodic table 
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Electrons and bonds

Atoms bond to form molecules when
– The combined outer shell electrons sum to 8 (or 2 for H2).
– The net charge of the molecule is 0.

Bond is called covalent when the electrons are 
shared.

Bond is called ionic
when electrons are 
transferred.

More on bonds

Ionic bonds work because the charged components are 
attracted to each other.
Ionic and covalent are ideals; intermediates between 
them also occur (hybrid bonds)
Covalent bonds can be polar.  In a polar bond, the 
electrons are more likely to be near one of the atoms 
than another.  Distribution of charge will not be 
uniform over the molecule.
Bonds can invovle sharing of more than one electron  
(called double or triple bonds)

Bonds and Orbitals

Bonds happen because the orbitals of the molecule 
exist at a lower energy than the ones in the atoms by 
themselves.

In polar compounds, the orbitals are not symmetric.

water
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Carbon

Molecules containing carbon atoms are at the basis of 
all living things.  The chemistry of carbon containing 
molecules is called organic.
Carbon has 4 electrons in its outermost shell, so it can 
donate or accept electrons from other atoms.
Carbon often makes double and triple bonds

Representations of Molecules

Formula:  CH4 or Fe(C5H5)2
Diagram: 

Ball and stick

Space filling

Van der Walls
surface

Solvent 
Accessible

surface

Surface
renderings

Intermolecular forces

Generally between molecules, not atoms.  Much 
weaker than covalent bonds
Electrostatics (like ionic bonds; weak in water)
Hydrogen bonds
– Hydrogen is attracted to 

electronegative region
van der Waals
– a weak force that can either attract 

or repel, depending the distance
between the entities.  
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Water

Highly polar

Forms hydrogen bonds with itself

Polarity means that ionically bonded molecules 
dissociate in water

Hydrogen bonds cause
hydrophobic effect (exclusion
of non-polar molecules)

Chemical Reactions

Changes in bonding state, i.e. changes in molecules, 
are called chemical reactions.
A chemical reaction changes one set of molecules (the 
reactants) into another set of molecules (the products) 
Most chemical reactions are reversable, i.e. the 
products can change into the reactants.
Biology is largely about the transformation of matter 
(into copies of the self) and therefore about chemical 
reactions

Reaction rules

Conservation of mass: there is no change in the total 
mass during a chemical reaction.
Definite proportions: pure compounds always contain 
the same elements in the same proportion by mass.
The general form of a reaction is a chemical equation:

aA + bB ⇔ cC + dD
where uppercase letters indicate compounds and lower 
case the stoichometric coefficients


