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Unit 4 Notes, Part 1 – Atomic and Molecular Structure
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What is matter?
1. Matter is anything that takes up space and has mass.  Living organisms and non-living things are made up of matter.
2. Atoms are the smallest unit of matter.  Each different type of atom represents an element (ex: hydrogen, oxygen, carbon).  Scientists have created a chart called the periodic table of elements to organize elements by their atomic properties.
3. Four elements—carbon (C), oxygen (O), hydrogen (H), and nitrogen (N)—make up 96% of living matter.  The other 4% of an organism’s weight comes from phosphorus (P), sulfur (S), calcium (Ca), and potassium (K).
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Atoms are distinguished from one another based on the number of each subatomic particle.  “Sub” means “below” or “smaller than,” so our subatomic particles are the small components that make up each atom.  There are three types of subatomic particle – protons, neutrons, and electrons.

5. Protons and neutrons make up the nucleus (center) of atom.  Protons have a positive charge (+) and neutrons have a neutral (0) charge. The number of protons is considered the atom’s atomic number and determines the element identity of the atom and, therefore, the atom’s position on the periodic table of elements.  Since protons and neutrons are the only particles in the atom with a significant mass, the sum of the masses of protons and neutrons is considered an atom’s atomic mass. 
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Electrons orbit in a cloud surrounding the nucleus of an atom.  They have a negative charge and a negligible mass.  An atom typically has the same number of electrons as protons.  This is called a “neutral” atom because the positive charge of the protons is cancelled out by the negative charge of the electrons. 

7. The names, charges, masses, and locations of the various subatomic particles are summarized in the table given below. 
	Subatomic Particle
	Electric charge
	Mass
	Location

	Proton
	+
	1 dalton
	In nucleus

	Neutron
	0
	1 dalton
	In nucleus

	Electron
	-
	negligible
	Orbit nucleus in energy levels


8. [image: image6.png]Aol
.
(EX) .

N/
AN
CED
/(2 \ V mm
./».u,vo

=
%

o7

>y

o



Atoms that have lost one or multiple electrons have a positive charge (think about it… losing a negative charge is like gaining a positive charge).  Atoms that have gained one or multiple electrons have a negative charge.  Any atom with a non-neutral charge is called an ion.

9. In nature, elements occur in a mixture of different isotopes.  Isotopes are atoms of the same element with different numbers of neutrons.  For example 14C ,13C, and 12C all have 6 protons & 6 electrons, but different numbers of neutrons (8,7, and 6 neutrons, respectively).  Most isotopes are stable (ex:12C and 13C), but some are radioactive (14C), meaning the atom loses certain subatomic particles as it “decays” over time.  
10. The electrons of an atom are held within different energy levels (AKA energy shells).  The first energy level (closest to the nucleus) holds 2 electrons.  The second energy level holds 8 electrons.  The third energy level and energy levels beyond the third level (farther from the nucleus) hold more and more electrons with higher and higher amounts of energy.

11. [image: image7.jpg]=

=

Third energy level (shell)

Energy

Second energy level (shell) absorbed

First energy level (shell)

Energy
lost

Atomic
nucleus

(b)



When atoms absorb energy from their surroundings, electrons are “bumped up” to higher energy levels.  When atoms release energy (ex: in the form of light), electrons “drop” from higher to lower energy levels. 
B. How do atoms interact with one another?
12. Atoms connect together to make compounds, which are combinations of atoms that exhibit different properties than the atom alone.  We call the connections between atoms in a compound “chemical bonds.”  Usually bonds involve interactions between the valence electrons of two atoms.  Valence electrons are the electrons in the outermost (highest) energy level.  There are two main types of bonds within compounds, which are described below.

-Ionic bonds involve the transfer of one or multiple electrons from one atom to another and the attraction between the two atoms due to their resulting charges.  The atom that loses electrons becomes a positive ion, and the atom that gains electrons becomes a negative ion, and the two ions form an ionic bond because “opposites attract.”  This is the strongest type of bond.  
-Covalent bonds involve the sharing of electrons.  A single covalent bond involves the sharing of two electrons (one from the first atom, and one from the second atom).  A double covalent bond involves the sharing of four electrons (two from the first atom, and two from the second atom).  A triple covalent bond involves the sharing of six electrons (three from the first atom, and three from the second atom).  This type of bond is weaker than ionic bonds.  Compounds that are held together by covalent bonds are called molecules. 
Note: Images are given below to illustrate the difference between ionic and covalent bonds. 

[image: image1.png]SHARING OF TRANSFER OF

ELECTRONS ELECTRON
> )
(Q—
molecule positive negative
ion ion




13. [image: image8.jpg]


Covalent bonds in which electrons are shared equally between the two atoms are called non-polar covalent bonds.  Covalent bonds in which the electrons are held more tightly to one atom (not shared equally) are called polar covalent bonds.  The atom that holds on tightly to the shared electrons thus has a slightly negative charge, and the other atom has a slightly positive charge.
Ex: Water (H2O) is a polar molecule, with oxygen having a partial negative charge, and the two hydrogens having a partial positive charge.  

14. Polar molecules are attracted to other polar molecules due to their partial charges.  For example, the partial negative oxygen end of one water molecule is attracted to the partial positive hydrogen end of another water molecule because “opposites attract.”  
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The attractions between nearby water molecules are called hydrogen bonds.  Hydrogen bonding occurs whenever a slightly positive hydrogen on one molecule is attracted to a slightly negative nitrogen, oxygen, or fluorine on another molecule (think H-NOF).  These bonds are usually depicted with a dotted line.  Because they occur between two different molecules and not within one molecule (like ionic or covalent bonds) and they occur between partial (not full) charges, hydrogen bonds are weaker than ionic or covalent bonds.  
16. Chemical reactions involve the making and breaking of chemical bonds within molecules.  For example, photosynthesis involves the use of energy from light to break bonds in carbon dioxide (CO2) and water (H2O) and form new bonds between the atoms from these original molecules to create glucose (C6H12O6) and oxygen gas (O2).  In this reaction, no mass is lost or gained.  In chemical reactions, the starting molecules are called the reactants and the ending molecules are called the products.   
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Note: Though the basic structure of atoms and molecules and the interactions between them are not emphasized in the College Board AP Biology curriculum, a strong understanding of basic chemistry is ESSENTIAL to understanding later concepts which ARE emphasized in the curriculum.  

