Chapter 3 - Matter and Energy
(Lecture Notes)

Matter is anything that has mass and occupies volume. Matter exists in one of the three physical states: solid, liquid and gas.

PHYSICAL STATES OF MATTER

	Property
	Solids
	Liquid
	Gas

	Shape
	Fixed
	Variable
	Variable

	Volume
	Fixed
	Fixed
	Variable

	Compressibility
	Negligible
	Negligible
	Significant

	Structure
	Particles are tightly packed, no movement
	Particles move freely pass one another, shape varies.
	Particles are widely spaced and uniformly distributed throughout the container.


Solids MELT into liquids with increase in temperature. (MELTING)
Liquids FREEZE into solids with decrease in temperature. (FREEZING)
Liquids VAPORIZE into gases with increase in temperature. (VAPORIZATION)
Gases CONDENSE to liquids when temperature drops. (CONDENSATION)
Solids SUBLIME to gases with increase in temperature. (SUBLIMATION)
Gases DEPOSIT into solids with decrease in temperature. (DEPOSITION)
The fourth state of matter exists at very high temperature. Under extreme conditions, matter can separate into positive and negative subatomic particles referred to as PLASMA. For example, at the surface of the sun, at temperature of about 60000C, hydrogen and helium exist as plasma. Solar flares are streams of plasma shooting from the surface of the sun.

ELEMENTS, COMPOUNDS AND MIXTURES

Matter can be classified with respect to its composition: pure substance or mixture. A pure substance cannot be separated into simpler components without breaking its chemical identity. There are two types of pure substances:

· Elements cannot be broken down by chemical reactions. These are represented in the periodic table, such as sodium (Na), carbon (C), and Iron (Fe). Start memorizing those names and symbols now…
· Compounds can be broken down chemically into their component elements. Water is a compound made of two hydrogen atoms and one oxygen atom. Do not mistake a compound with a mixture! Salt and sugar are also compounds.
Mixtures are, well not pure, and are composed of mixed elements, mixed compounds, or mixed elements and compounds. Mixtures can be physically separated into elements or compounds. There are two types of mixtures:
· Homogeneous mixtures have one single phase, and the same composition all throughout the sample. For example salted water is a mixture of salt and water, but after steering, you see only one clear solution. Air is a mixture of different gases (nitrogen, oxygen, and others). Alloys are homogeneous mixtures of two or more metals, such as jewelry gold which contains 45-75% of gold, some silver and some copper.
· Heterogeneous mixtures have several phases that can be visible to the eye. For example in a salt and pepper mixture, you can distinctly see the white crystals of salt and the black grains of pepper. 
NAMES AND SYMBOLS OF ELEMENTS.

Elements are the building blocks of matter. The periodic table organizes the list of natural and artificial elements in a specific and very useful way, according to similarities in their physical and chemical properties. Elements are represented using chemical symbols of 1 or 2 letters, the first being always capitalized. Those symbols correspond usually to the initials of the name, but some of them have Greek, Latin, or other foreign language names.

	Property
	Metal
	Non-metals

	Physical state
	Solid
	Solid, gas

	Appearance
	Metallic luster
	Dull

	Pliability
	Malleable, ductile
	Brittle

	Conductivity
	Heat, electricity
	Non-conductor

	Density
	Usually high
	Usually low

	Melting Point
	Usually high
	Usually low

	Chemical Reactivity
	React with non-metals
	React with metals and non-metals


PERIODIC TABLE

The Atomic number is a whole number that identifies a particular element. Elements are organized in order of increasing atomic number. Metals are found on the left hand side while the non-metals are found on the right hand side with the exception of Hydrogen. Metals and non-metals are separated by semimetals. These are elements that have properties half-way between metals and non-metals (silicon is a semiconductor).

PHYSICAL STATES OF ELEMENT
 All the metals are solid at normal condition of temperature and pressure, except mercury (Hg) which is liquid. Non- metals show diversity in terms of physical state. For example, carbon and sulfur are solids, while bromine is liquid, and oxygen and fluorine are gases.
COMPOUNDS AND CHEMICAL FORMULAS

The Law of definite composition states that compounds always contain the same elements in constant proportions by mass.
Example, NaCl is 39.3% Na and 60.7% Cl by mass. In other words, a 100g sample of salt would contain 39.3 g of sodium and 60.7g of chlorine.
A molecule is a single particle composed of two or more atoms that are attached by chemical bonds. Most molecules are made of non-metal atoms, such as H2 and O2. Molecules are not mixtures, the elements cannot be separated without loosing the identity of the compound. The number of atoms of each element is fixed, for example a molecule of water is made of exactly 2H and 1O (H2O), while a molecule of hydrogen peroxide is made of exactly 2H and 2O (H2O2).
A chemical formula expresses the list of elements in a compound, using subscripts to indicate their number. H2SO4 has 2 atoms of hydrogen, 1 atom of Sulfur and 4 atoms of Oxygen.

PHYSICAL PROPERTIES AND CHEMICAL PROPERTIES

Physical Properties are observed without altering the composition of the substance while chemical properties always involve a chemical reaction. There is alteration in composition whenever these conditions are observed:
· Permanent color change.

· Odor or bubbles from release of a gas.

· Light or heat from the release of energy.

	Physical Properties
	Chemical Properties

	Melting of ice to water.
	Ripening of banana from green to yellow.

	Heat alcohol to vapor.
	Antacid tablet dissolves in water, evolves gases.

	Recycling aluminum can into aluminum foil.
	Fireworks display a shower of colorful lights.


Law of Conservation Mass.
The Law of conservation of mass states that matter is neither lost or gained during a chemical reaction. In other words, the amount of matter that reacts should be the same as the amount recovered after reaction
KINETIC ENERGY, TEMPERATURE, AND PHYSICAL STATE

Potential and Kinetic Energy

Energy is the ability to do work. There are several forms of energy, including potential and kinetic energy. Potential energy is the stored energy that matter possesses as a result of its position or composition. Kinetic energy is the energy that matter has as a result of its motion.

	Property of Particle
	Solid
	Liquid
	Gas

	Kinetic energy
	Very low
	High
	Very high

	Movement
	none
	Restricted
	unrestricted


The six forms of energy are heat, light, chemical, electrical, mechanical, and nuclear. The law of conservation of energy states that energy is neither gained nor lost during a process. Energy may be converted, however, from one form to another. In practice, chemical energy is used to provide heat and electrical energy.
