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Chapter 03: Matter and Energy
Matter
As you have read previously, matter is anything that has mass and occupies space; it is the physical material of the universe.  Everything in the universe is composed of matter. Furthermore, all matter is composed of atoms and molecules, which we will study in more detail as we progress through this course. Chemists try to understand how the universe and everything in it works on a large scale by studying how the atoms and molecules interact with each other on a submicroscopic scale.  
The Particles of Matter

In chemistry, matter can exist as either one of two types of particles or building blocks. 1) An atom is the smallest particle of an element that retains the characteristics of the element, for example the hydrogen atom, symbol “H” or copper atoms, symbol “Cu.” 2) A molecule is made up of 2 or more atoms chemically combined. In a molecule, the atoms can be identical, or there can be two or more different kinds of atoms.  For example the hydrogen molecule, symbol “H2” has two hydrogen atoms bonded together, but a water molecule is made up of two hydrogen atoms and one oxygen atom, and we write the formula for it as “H2O.”
The States of Matter

A sample of matter can be observed in any one of three different physical forms or state: solid, liquid or gas.  A solid has a definite shape or volume because the particles making up the object are very close to each other and relatively strong forces of attraction between them exist.  The particles can’t move very much except vibrate in place.  A liquid has a definite volume but no definite shape because the forces of attraction between particles are weaker than they are in a solid. The particles in a liquid are a little farther apart thaan they are in a solid; this allows the particles to slide past each other.  A liquid assumes the shape of the occupied part of its container.  A gas has no definite volume or shape.  The particles are so far apart from each other that there are few forces of attraction between them.  Each particle in a gas moves freely and independently of each other.  A gas will fill and assume the shape of its container.
Classifying Matter

Matter can be classified into pure substances or mixtures based on chemical composition.  
Types of Pure Substances

A pure substance is matter made up of one type of particle with definite composition and distinct characteristics.  A pure substance can be either an element or a compound.  If you take several samples from a pure substance, they will have identical properties because all the particles have the same composition. For example, pure distilled water has only H2O molecules, no matter where the distilled water comes from.
An element is a substance that cannot be broken down into simpler substances by chemical reactions.  It is the fundamental type of matter from which all other matter is composed.  All elements known are shown in the Periodic Table in their symbolic notation.  Examples are carbon, symbolized “C” and copper, symbolized “Cu.”  You must memorize the symbols for the elements in slide 19 of the powerpoint slide show for this chapter.  The study of chemistry is like learning a new language.  The symbols of the elements make up the alphabet.  If you don’t know the alphabet of a language, you cannot make words and sentences.  If you don’t memorize the symbols, you will not be able to write chemical formulas (words) or chemical equations (sentences). 

 An element consists of one type of atom but it can exist as an atom or a molecule.  Examples of elements that exist in nature as individual atoms include Na, C, Fe, Ca, etc.  Some elements are more stable in nature as diatomic molecules (two atoms of the same type), such as O2, N2, Cl2, etc. In an element that exists naturally in the diatomic form, the two atoms are always identical.

A compound is made up of two or more elements or two or more types of atoms, chemically combined and therefore exists as molecules.  Examples of compounds are water, H2O; sulfuric acid, H2SO4; carbon monoxide, CO..  Although there are two or more different types of atoms present, it is important to realize that a compound has a fixed composition. That means that in water, there are always two hydrogen atoms bonded to one oxygen atom, no matter where the water comes from. In glucose, there must be six carbon atoms, 12 hydrogen atoms, and six oxygen atoms combined in a specific way.  If there are more carbon atoms, fewer hydrogen atoms, or if the atoms are arranged differently, the material is not glucose. 
A mixture, on the other hand, is made up of two or more types of particles, which retain their chemical identity and can be separated from one another by physical methods. For example, you can compare two different brands of Italian salad dressing. Both will have oil and water as their main ingredients and both will have particles of herbs and spices floating in them but one would not expect the mixtures to be identical if they are made by different companies.  You can separate the different components by physical means by allowing the mixture to separate into oil and vinegar layers and then filtering off the solids. 
Mixtures can either be homogeneous or heterogeneous.


In a homogeneous mixture, samples appear to be uniform throughout. An example would be Kool-Aid dissolved in water. If it has been prepared properly, the last glass in the pitcher should look and taste exactly like the first glass poured from the pitcher. Homogeneous mixtures are also called solutions.  

Chocolate chip cookie dough is an example of a heterogeneous mixture. It is easy to see that it is a mixture because the chocolate chips are definitely different from the surrounding dough. It is heterogeneous because it is difficult to guarantee that the last scoop you place on the cookie sheet will have exactly the same number of chocolate chips as the first scoop did. 
Chemical vs Physical Properties 

How do we differentiate a sample of matter from another?  When we compare samples of matter, we look at the properties or characteristics that distinguish them from one another.  The properties may be chemical properties or physical properties.  
Chemical properties describe the composition (what is it made of) of a sample of matter and the way it may change or react with another material to form new substances (chemical reaction).  Examples of chemical properties include elemental composition (for example, water  is made of 11.2% hydrogen and 88.8% oxygen), flammability (whether something will burn), or inertness (lack of reactivity).  Chemical changes are changes that result in formation of completely different substances. Examples of chemical changes include formation of rust or burning gasoline in a car engine. Once a chemical change occurs, it is usually not easy to return to the original material.
Physical properties describe characteristics that can be determined without changing the composition or chemical identity of the substance.  Examples are boiling point, density, color, physical state, hardness or softness, etc. It is possible to melt ice to form water, boil the water to form steam, condense the steam back to liquid water, and freeze the water into ice. In this case the water never changes its composition, it just changes its physical form.  Another example would be dissolving salt in water. The salt seems to “disappear” but if the water is allowed to evaporate, the salt can be recovered, virtually unchanged.
Separation of Mixtures 

A mixture can be separated based on differences in the physical properties of the substances in the mixture.  Any difference in physical properties can be the basis for a method of separation. For example, liquids that boil at different temperatures can be separated from each other by distillation. The liquid with the lower boiling point will evaporate more easily, resulting in separation.  A method that we will study later in the course is paper chromatography.  In paper chromatography, materials can be separated based on their affinity for being attracted to the cellulose molecules in paper compared to their solubility in a solvent.
Law of Conservation of Mass 

Remember that a scientific law is a brief statement or mathematical equation summarizing a large body of data or observation or phenomenon. The Law of Conservation of Mass says that in a chemical reaction, matter is neither created nor destroyed.  This law was first proposed by Antoine Lavoisier, who did many experiments in which he found that the masses of all the products in a chemical reaction equaled the total masses of all the reactants. This leads to the observation that matter is neither created nor destroyed in a chemical reaction. 

Energy

Physical and chemical changes of matter are always accompanied by energy changes.  How do we define energy?  When I am very tired and asked to do something, I might say “no, I don’t have the energy to do that.”  When you are walking, running, thinking, etc. you are using energy to do work which might involve changing the physical or chemical property of matter.  We therefore define energy as the ability to do work or the ability to change matter, either physically or chemically.  In earlier notes, we mentioned that chemistry is the study of the properties and interactions of matter. Energy is important to these interactions; the flow of energy determines when a reaction may or may not take place. 

The law of conservation of energy says that energy is conserved, just as matter is. Energy can be changed from one form to another form, but it cannot be created or destroyed in a chemical reaction. 

There are two main forms of energy, potential and kinetic energy.  Potential energy is stored energy while kinetic energy is energy of motion.  A boulder perched on the top of a hill has potential energy because of its position.  If it is nudged, it rolls down the hill and potential energy is converted to kinetic energy.  Water stored in a reservoir is potential energy that becomes kinetic energy as it goes over the dam.  The food you eat has potential energy stored in its chemical bonds.  It is converted to kinetic energy during biological activity such as muscle contraction.  Energy can therefore be converted from one form to another.  The ultimate source of energy on our planet is the sun. Specific forms of kinetic energy include electrical energy, heat or thermal energy, and light or radiant energy. Nuclear energy and chemical energy are specific examples of potential energy. 

Temperature

When we want to know how hot or cold an object is, we measure its temperature.  What makes an object hot or cold? Temperature is a measure of the kinetic energy of the atoms &/or molecules making up the object.  The faster they are moving, the higher the kinetic energy and the higher the temperature is of the object.  In science, we define absolute zero as the lowest possible temperature where there is no molecular or atomic motion whatsoever. There are three different temperature scales in use today; the Kelvin (K), Celsius ((C) and Fahrenheit ((F) scales.  The Kelvin scale is an absolute scale because 0 K is set at absolute zero.  The Celsius and Fahrenheit scales are based on the freezing and boiling points of water.  In science, the Kelvin and Celsius scales are commonly used.  0 K = - 273 (C or 0 (C = 273 K, this is the conversion factor between these two scales.  To convert Celsius to Kelvin:  K = (C + 27
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