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1.1 CHEMISTRY 

FUNDAMENTALS 
• MILLIONS of complex chemical reactions 

take place in our bodies every MOMENT of 

our lives 

 

• Chemical reactions are the basis of 

virtually EVERY biological process 

 

• Chemical reactions turn tadpoles in 

frogs and caterpillars into butterflies; they 

make leaves change color in the fall and 

they make us feel hungry when we need 

food! 

•Chemistry drives life! 



1.1 CHEMISTRY 

FUNDAMENTALS 
  
• So what is chemistry anyway???? 

 

–CHEMISTRY = The study of MATTER 

 

• …okay…So what is matter????? 

 

–MATTER = ANYTHING that has a MASS and occupies 

a VOLUME. 



MATTER 

• Matter = ANYTHING that has a MASS 

and occupies a VOLUME. 

Matter can exist in 4 different states… 

GAS 



MATTER 

All MATTER is made up of tiny little particles 

called ATOMS. 

Just like 

cells are the 

basic unit of 

life… 

Atoms are 

the basic 

unit of 

matter. 



MATTER 

Atoms are the basic unit of matter 

An atom is made up of a 

central nucleus which 

contains protons and 

neutrons. 

 

The nucleus is surrounded 

by a cloud of electrons, 

which are orbiting around the 

nucleus.  



ATOMS 

PROTONS = have a 

positive (+) charge 

 

NEUTRONS = have a 

neutral charge (ie: no charge) 

 

ELECTRONS = have a 

negative (-) charge 

There are two important number to 

know when talking about atoms: 

ATOMIC NUMBER (Z) 

and MASS NUMBER (A)  



ATOMS 

ATOMIC NUMBER 

(Z) = the number of 

protons in the nucleus 

MASS NUMBER (A) = the 

number of protons and 

neutrons 



PERIODIC TABLE 

The # of protons that an atom 

possesses is called its ATOMIC 

NUMBER. 

Elements are organized in the periodic 

table by INCREASING ATOMIC 

NUMBER. 

Hydrogen has 

an atomic 

number of 1 (1 

proton) 

Helium has 

an atomic 

number of 2 

(2 protons) 

Lithium has an 

atomic number 

of 3 (3 protons) 

TREND! Atomic 

number increases from 

LEFT to RIGHT across 

each row! 



PERIODIC TABLE 

• The horizontal rows of the periodic table are 

called PERIODS. 

TREND! Atomic 

number increases from 

LEFT to RIGHT across 

each PERIOD! 

There are 7 periods. 



PERIODIC TABLE 

• The vertical columns of the periodic table are 

called GROUPS. 

TREND! All the 

elements within a 

chemical group have 

similar chemical and 

physical properties. 



ISOTOPES 

ISOTOPES = atoms of an element 

with the same atomic number but with 

a different mass number. 

 

In other words… 

 

ISOTOPES = atoms of an element 

with the same number of protons 

but with different numbers of 

neutrons. 

A difference in the number of neutrons in 

the nucleus distinguishes isotopes from 

one another. 



Radioisotopes 

Radioisotopes - radioactive 

atoms of an element where the 

nucleus spontaneously decays 

(breaks up) into smaller atoms, 

subatomic particles, and energy. 

 

Half-life:  the time it 

takes for one half of 

the nuclei in a 

radioactive sample to 

decay 



Radioactive Tracers 
Radioactive tracers:  radioisotopes 

that are used to follow chemicals 

through chemical reactions and trace 

their path as they move through the 

cells and bodies of organisms.  Special 

equipment is used to measure the 

radiation energy that is emitted during 

decay. 

E.g. - The thyroid is the only organ of 

the body that actively absorbs iodine.  If 

a patient’s symptoms point to abnormal 

levels of thyroid hormone output, the 

physician may administer a small 

amount of radioactive iodine-131 and 

then use a photographic device to scan 

the thyroid gland. The resulting images 

help to identify the possible causes of 

the condition. 



CHEMICAL BONDING 

Intramolecular Forces 
Sometimes atoms will form chemical bonds with other 

atoms to form molecules. 

The chemical behaviour of an atom – in other words – how 

it will tend to bond – is determined by the number and 

arrangement of it’s VALENCE ELECTRONS. 



CHEMICAL BONDING 

VALENCE ELECTRONS = electrons 

located in the outermost s and p orbitals 

that determine an atom’s chemical 

behaviour. 



CHEMICAL BONDING 

• The goal of every element in chemical 

bonding is to BECOME STABLE!!!!!! 

 

• In order to become stable, each element is 

trying to achieve a stable octet. 

A STABLE OCTET MEANS THERE 

ARE 8 ELECTRONS IN THE 

OUTTER SHELL. 



CHEMICAL BONDING 
We can draw diagrams of elements which illustrate the valence electrons = 

LEWIS DOT DIAGRAMS. 



CHEMICAL BONDING 
• The vertical columns of the periodic table are 

called GROUPS. All the elements of the 

8th group are referred to 

as NOBLE GASES. 

 

Noble gases are very 

stable elements. They 

are gases at room To. 

They are very unreactive 

and rarely form 

compounds with other 

elements. 



CHEMICAL BONDING 
• The vertical columns of the periodic table are 

called GROUPS. 

All the elements of the 

7th group are referred to 

as HALOGENS. 

 

Halogens are VERY 

reactive. They are the 

most reactive non-

metals. 



CHEMICAL BONDING 

• There are 2 main types of intramolecular 

chemical bonds: 

 

» IONIC BOND 

 

» COVALENT BOND 



CHEMICAL BONDING 

• There are 2 main types of intramolecular 

chemical bonds: 

 

» IONIC BOND 
• Occurs when electrons are exchanged (gained and lost). 

 

» COVALENT BOND 
•  Occurs when electrons are shared. 



IONIC BONDING 

When an atom looses or gains an electron it becomes 

charged and we call it an ION. 

If an atom LOOSES an electron, it becomes a POSITIVE 

ION = CATION! 



IONIC BONDING 

If an atom GAINS an electron, it becomes a NEGATIVE 

ION = ANION! 

When an atom looses or gains an electron it becomes 

charged and we call it an ION. 

Example is Cl- ion. Example to do on board. 



IONIC BONDING 

Since we already know that POSITIVES and NEGATIVES 

ATTRACT… 

IONIC BONDING = the attraction between POSITIVE 

and NEGATIVE IONS. 

The ionic bonding 

between Sodium (Na) 

and Chloride (Cl) creates 

a sodium chloride 

molecule (NaCl). 

 

NaCl(s) is also known as 

table salt. 



COVALENT BONDING 

 

 

• Molecules could have: 
»  Single covalent bonds 

 

»  Double covalent bonds 

 

»  Triple covalent bonds 

Covalent bonds form when two atoms SHARE electrons. 



COVALENT BONDING 

•  Hydrogen (H2) has a single covalent bond 

 

 

 

 

•  Oxygen (O2) has a double covalent bond 

Two hydrogen molecules 

share ONE PAIR of electrons 

Two oxygen molecules share 

TWO PAIRS of electrons 



COVALENT BONDING 

• Nitrogen (N2) has a triple covalent bond 

Two Nitrogen molecules 

share THREE PAIRS of 

electrons 



COVALENT BONDING 

• In a covalent bond, electrons may be equally 

OR unequally shared. 

 
» How they are shared depends on the sizes and 

positive charge of the two nuclei of the bonded 

atoms. 

Let’s look at the covalent bond between Hydrogen and 

Chloride (HCl) – Hydrogen Chloride. 

http://upload.wikimedia.org/wikipedia/commons/8/88/HCl_molecule_model-VdW_surface.svg


COVALENT BONDING 



COVALENT BONDING 

Chlorine has a larger and more positive nucleus (17 

protons) 

Hydrogen is smaller and only has a 1 proton in the 

nucleus. 

Since Chlorine’s nucleus is MORE POSITIVE, it will attract the 

electrons more. 

http://upload.wikimedia.org/wikipedia/commons/8/88/HCl_molecule_model-VdW_surface.svg


POLAR-COVALENT BONDING 

Because the electrons are more 

attracted to the Chlorine atom, they 

stay closer to that atom. 

This means there is a partial 

NEGATIVE CHARGE around the 

Chlorine atom. 

And a partial POSITIVE CHARGE 

around the Hydrogen atom. 



POLAR-COVALENT BONDING 

POLAR COVALENT BOND = a covalent bond in 

which partial positive (+) and negative (-) charges are 

separated because of unequally shared electrons. 



NONPOLAR COVALENT 

BONDING 

• When the electrons are EQUALLY shared 

between two molecules, it is called a 

NONPOLAR COVALENT BOND. 



COVALENT BONDING 

•  Polar molecules are molecules that have a 

positively charged end and a negatively charged 

end. 

 

 

 

•  Nonpolar molecules do not have charged ends. 

H2O (water) molecules are POLAR 

molecules. 

O2 (oxygen) molecules are NONPOLAR 

molecules. 



ELECTRONEGATIVITY AND 

POLARITY OF BONDS 

•  There is an easier way to determine the 

polarity of a bond! 

 

•  All the atoms in the periodic table have been 

assigned an ELECTRONEGATIVITY 

NUMBER (En). 

ELECTRONEGATIVITY = a measure of the atom’s ability to attract a shared 

electron pair when it is participating in a covalent bond.  



ELECTRONEGATIVITY AND 

POLARITY OF BONDS 

The LARGER the electronegativity number, the 

STRONGER the atom attracts the electrons of a 

covalent bond. 



ELECTRONEGATIVITY AND 

POLARITY OF BONDS 



ELECTRONEGATIVITY 

DIFFERENCES 

•  Electronegativty difference (ΔEn) is the 
difference in electronegativity numbers 
between two atoms participating in a covalent 
bond. 

 

•  ΔEn = 0             = NON POLAR BOND 

 

• 0 < ΔEn < 1.7       = POLAR COVALENT 

 

•  ΔEn > or equal to 1.7 = IONIC BOND 



ELECTRONEGATIVITY 

DIFFERENCES 

1.7 0 

The polarity of the bond increases as ΔEn approaches 

1.7 



MOLECULAR SHAPE 

Based on  

-Molecular Polarity of individual bonds 

-symmetry of the molecule 



WATER – H2O 

The water molecule is composed 

of ONE OXYGEN ATOM bonded to 

TWO HYDROGEN ATOMS. 

WATER IS A POLAR 

MOLECULE!!!!! 

(due to its polar covalent 

bonds and asymmetrical 

shape) 

The polarity of water allows it 

to form chemical bonds with 

other molecules and ions. 

Bonds between molecules are 

called INTERMOLECULAR 

BONDS. 



INTERMOLECULAR BONDS 

•  These are the bonds that determine the 
physical state of molecular substances at a 
given temperature and pressure 

•  they break when solids melt into liquids and liquids 
evaporate into gases 

 

 

•  These bonds are weaker than intramolecular 
bonds (ie: ionic and covalent) that hold 
atoms together within molecules. 



INTERMOLECULAR Forces 

•  There are 3 types of intermolecular bonds: 
–  London forces (London dispersion forces) - weakest 

–  Dipole-dipole forces 

–  Hydrogen bonds – strongest 



LONDON DISPERSION FORCES 
• Are weak forces of attraction between ALL atoms and 

molecules. 

•  They are the only intermolecular forces that hold nonpolar 

molecules to one another. 



Dipole-Dipole Forces 

 Hold POLAR molecules together. 

 

•  The partially positive side of one molecule attracts the partially negative 

side of adjacent polar molecules. 

 

• These forces are stronger than London forces. 



CHEMICAL BONDING 

HYDROGEN BONDING 
Hydrogen Bonding = the force of attraction between partial 

positive and negative charges of highly polar molecules 

containing combinations of oxygen, nitrogen and hydrogen 

atoms. 



CHEMICAL BONDING 

H2O molecules are POLAR molecules 

Hydrogen Bonds will form between the partial 

positive (+) and negative (-) charges of water 

molecules with other water molecules. 

Each water molecule can hydrogen bond with up 

to 4 neighbouring molecules! 



CHEMICAL BONDING 

On its own, a single 

hydrogen bond is not 

as strong. 

When numerous 

hydrogen bonds form 

between numerous 

molecules, they add 

up to a VERY large 

force of attraction. 

Hydrogen bonding is responsible for many of the unique properties of water!!!!! 
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WATER CLINGS!!! 

•  Water molecules form hydrogen bonds with 

one another. 

This leads to a property of water called COHESION – water molecules sticking 

close to one another. 



WATER CLINGS!!! 

•  Cohesion is what leads to the effect of 

HIGH SURFACE TENSION… 

Examples of high 

surface tension… 



WATER CLINGS!!! 

•  Water molecules form hydrogen bonds with 

other polar materials. 

This leads to the property of 

ADHESION – water 

clinging to other materials and 

explains the CAPPILARY 

ACTION of water. 



WATER CLINGS!!! 

 

•  CAPILLARY ACTION causes water to… 

Creep up a narrow glass 

tube. 

Creep up a piece of paper. 



WATER ABSORBS LOTS OF 

HEAT!!! 

•  Hydrogen bonding causes water to absorb a 

large amount of heat before its temperature 

increases appreciably and also causes it to 

lose large amounts of heat before its 

temperature significantly decreases. 

This property is known as HIGH 

SPECIFIC HEAT CAPACITY 



WATER ABSORBS LOTS OF 

HEAT!!! 

•  High specific heat capacity leads to water’s 

effect of TEMPERATURE 

MODERATION!!! 
Many living organisms 

rely on water and it’s 

specific heat capacity in 

order to maintain a 

constant body 

temperature!!! 

(homeostasis anyone?) 

The human body 

maintains a constant body 

temperature of 37oC! 



WATER ABSORBS LOTS OF 

HEAT!!! 

• Hydrogen bonding causes liquid water to 

absorb a large amount of heat before 

becoming a vapour (gas).  

This property is known as HIGH SPECIFIC 

HEAT OF VAPORIZATION!!! 



WATER ABSORBS LOTS OF 

HEAT!!! 

•  Water’s high specific heat of vaporization 

leads to it’s amazing effect of 

EVAPORATIVE COOLING!!!!! 

Humans dissipate body heat by the 

evaporation of sweat from the skin! 

Dogs dissipate body heat by the evaporation 

of saliva from the tongue! 



SOLID WATER IS LESS DENSE 

THAN LIQUID WATER 

• As water molecules cool below 0oC, they form 

a crystalline lattice (freezing). The hydrogen 

bonds between the V-shaped molecules 

spread the molecules apart, reducing the 

density below that of liquid water.  



SOLID WATER IS LESS DENSE 

THAN LIQUID WATER 

•  This leads to the property that water’s 

HIGHEST DENSITY IS AT 4oC!!!  

This is what causes ice to float on water!!!! This is why fish and other 

aquatic organisms are able to survive in the winter! 



WATER IS THE UNIVERSAL 

SOLVENT!!! 

•  You will commonly hear the generalization, 

“LIKE DISSOLVES LIKE” 
 

 

•  This refers to the fact that POLOAR solvents can dissolve POLAR 

solutes, while NON POLAR solvents can dissolve NON POLAR 

solutes. 

 

•  Since WATER is a POLAR molecule, it can dissolve other polar 

molecules: 
–  sugars 

–  alcohols 

–  ionic substances 



WATER IS THE UNIVERSAL 

SOLVENT!!! 

•  HYDROPHILIC aka “water-loving” 
»  substances that have an affinity to water (will dissolve in 

water) 

»  the tendency is for polar and ionic substances to dissolve 
in water due to their ability to form hydrogen bonds 

 

•  HYDROPHOBIC aka “water-fearing” 
»  substances that have an aversion to water (will not 

dissolve in water) 

»  these substances cannot form hydrogen bonds with 
water 

»  ex: oil and fat 



Different Types of Reactions 

• Neutralization Reactions:  Acid + Base → Salt + Water 

• Acid: Proton donor (hydrogen ion) 

• Base: Proton acceptor 

 

• Weak acid/base only ionize partly. 

  

 

• Can a strong acid be less dangerous than a weak acid?  In what 

circumstances? 

•   

• Buffer – acid/base neutralization reaction that runs on equilibrium. 

•   

• CO2 + HOH <===> H2CO3 <===> H+ + HCO3
- 
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Redox Reactions 
• Electron transfer… 

Something receives an e- (reduced by an oxidizing agent); 

something donates an e- (oxidized by a reducing agent) 

Thus a reduction-oxidation reaction (Redox) 
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Dehydration Synthesis 
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Sometimes called: 

Condensation reaction 



Hydrolysis 

67 



Anabolic vs Catabolic Reactions 

68 


