UNIT 2: 
CLASSIFICATION OF MATTER
Honors Introductory Chemistry Spring 2010
[image: ]As you observe the objects around you, it isn’t surprising that one of your first questions may be “What is it made of?” Since you were born you have been wondering about things and observing the chemical and physical properties that define them. 

You have also been wondering about what things are made of and have used distinctions such as pure versus contaminated, uniform versus irregular, and so on. Chemists have also wondered the same things and have made it their responsibility to account for and classify the different types of matter in the world. 

In this unit we will examine the properties and composition of the three types of matter chemists have defined: elements, compounds, and mixtures. 

 (
OBJECTIVES
)
 (
By the end of this unit, you should be able to demonstrate proficiency in the following:
Distinguish between and describe the following:
2.1 -2.2
Qualitative and quantitative observations
2.3 -2.4
Chemical and physical properties
2.5 -2.11 
Calculate the density of matter
2.12 – 2.13  
Chemical and physical changes
2.14 
Homogeneous and heterogeneous mixtures
2.14 
Pure substances and mixtures
2.14 
Elements and compounds
2.15
Precipitate and decantate
2.16 & 2.20
 
Demonstrate proper filtration and separation techniques by isolating different substances in a mixture
2.18 -2.20
Properly construct an experimental flow chart
2.19 – 2.20
Compute the mass percent of the substances in a mixture
)


2.1	Observations
Some of the most important skills you will be developing in this course are those of observing and measuring. Observation and measurement allow you to collect data and then to interpret the data in order to figure out the “whys” and “hows” around you. Experimentation followed by observation and measurement will allow you to answer many of these questions. 

You use your senses to collect data everyday. You see, taste, smell, feel, and hear details from your surroundings. Your senses are essential to the collection of data in your immediate environment. In the study of chemistry or any other science, however, you will find that your senses alone will fall short of what is needed. Your senses are valuable, but limited in scientific study. For example, through your sense of sight, you might get the impression that one object is longer than another. However, it is extremely difficult to get more than an impression without the instruments necessary to obtain more accurate measurements. For example, observing that a particular solution is yellow relies solely on our sense of sight. But to determine that there are 15mL of a yellow solution relies on our sense of sight aided by a measuring device. The two observations made above are different, the first being qualitative and the second being quantitative. Qualitative observations are those that describe how something looks, feels, tastes and/or smells. Quantitative observations involve numerical measurements. 
 (
ACTIVITY 2.2
 QUALITATIVE AND QUANTITATIVE OBSERVATIONS
)

In science it is necessary to be able to make accurate observations. Most people need to improve their observation skills. So let us do this. Obtain a candle and a match. Divide a piece of paper in half and label one side qualitative and one side quantitative. Take down 15 qualitative and 15 quantitative observations of both a lit and an unlit candle.  You may use as many of the laboratory measuring devices you previously learned to use as necessary to make your quantitative observations. Attach the piece of paper to end of the chapter.


2.3 	Chemical & Physical Properties 
Chemical substances are usually distinguished by their appearance, taste, odor, feel, and other similar characteristics. Such characteristics are called physical properties. We can recognize specific substances by their physical properties. Just as you can recognize your friends by their physical appearance, you can also recognize chemical compounds by their physical appearance and properties. To obtain a better understanding of physical properties, we will attempt to distinguish two different metals on the basis of their physical properties. 

Chemical and physical properties must not be confused with chemical and physical changes. 
· Physical properties are color, odor, density, hardness, solubility, melting point and boiling point.
· Chemical properties are determined by the reaction of a substance with other substances.

Classify each of the following as either a physical or a chemical property:
Color			___________________
Reactivity		___________________
Smell			___________________
Boiling Point		___________________






2.12	Chemical & Physical Changes
Changes that produce new kinds of matter with different properties are called chemical changes. Chemical change refers to the production of new substances that may have both physical and chemical properties different from the original substances. Some of the evidence of a chemical change are: 
1. Appearance of a gas
1. Disappearance/ Appearance of a substance
1. Absorption of energy
1. Production of light, heat, or sound
1. Changes in color, odor
1. Explosion

Changes that do not do so are called physical changes. Physical change refers to the transformation of a substance in which only one or more of the physical properties change. 

Classify each of the following as either a physical or a chemical change:

Boiling			___________________	Freezing		___________________
Burning		___________________	Melting			___________________
Grinding		___________________	Baking			___________________
Tearing			___________________	Sharpening Pencil	___________________
Mixing			___________________	Digesting Food	___________________
 (
ACTIVITY 2.1
3
  CHEMICAL & PHYSICAL CHANGES
)
Purpose: To observe and classify changes as chemical or physical.
Materials:  20 dirty pennies, vinegar, 50mL beaker, salt, tongs, paper towels, scale, weigh boat, 2 steel nails
Part 1: Shiny Clean Pennies 
1. Measure out 35mL of vinegar into a 50mL beaker. 
2. Measure out 2g of salt. Pour the salt into the vinegar in the 50mL beaker. Stir until the salt dissolves. 
3. Dip a dirty penny halfway into the liquid and hold it there for 10-20 seconds. Remove the penny from the liquid using clean tongs. What do you see? _______________________________________________________ 
4. Place 20 pennies into the liquid. The cleaning action will be visible for several seconds. Leave the pennies in the liquid for 5 minutes. 
5. Proceed to 'Instant Verdigris!' 
Part 2: Instant Verdigris! 
1. Note: You want to keep the liquid you used to clean the pennies, so don't dump it down the drain! 
2. After the 5 minutes required for 'Shiny Clean Pennies', take half of the pennies out of the liquid and place them on a paper towel to dry. Label paper towel as pennies 1 with group members’ names.
3. Remove the rest of the pennies and rinse them well under running water. Place these pennies on a second paper towel to dry. Label paper towel as pennies 2 with group members’ names. 
4. Allow about an hour to pass and take a look at the pennies you have placed on the paper towels. 
5. While you are waiting for the pennies to do their thing on the paper towels, use the salt and vinegar solution to make 'Copper Plated Nails'. 

Part 3: Copper Plated Nails 
1. Place a nail or screw so that it is half in and half out of the solution you used to clean the pennies. If you have a second nail/screw, you can let it sit completely immersed in the solution. 
2. Do you see bubbles rising from the nail or the threads of the screw?  ____________________________
3. Allow 10 minutes to pass and then take a look at the nail/screw. Is it two different colors? If not, return the nail to its position and check it again after an hour.  __________________________________________
Discussion Questions
1. Classify each activity as demonstrating either a physical or chemical change and explain why you think you know. Get this checked off before you clean up and leave for the day.

Part 1: ____________________________________________________________________________________
____________________________________________________________________________________
Part 2: ____________________________________________________________________________________
____________________________________________________________________________________
Part 3: ____________________________________________________________________________________
____________________________________________________________________________________

1. Use the internet to check your answers and find the scientific reason for the chemical/physical changes you observed. Hint: I got this lab off the internet using a search for the section topic in goggle. Good luck.

Part 1: ____________________________________________________________________________________
____________________________________________________________________________________
_____________________________________________________source: _________________________
Part 2: ____________________________________________________________________________________
_________________________________________________________________________________________________________________________________________source: _________________________
Part 3: ____________________________________________________________________________________
_________________________________________________________________________________________________________________________________________source: _________________________

1. Use the internet to find two more experiments you could do with the same materials to show chemical/physical changes. Describe the experiments in the space below. 







2.14 	Matter
Matter is anything that has mass and takes up space. Considering all of the things that satisfy this definition, it would be very hard for chemistry to get off the ground without a distinction between different kinds of matter. Thus, matter can be broadly classified into three types: elements, compounds, and mixtures. An element is the simplest type of matter with unique physical and chemical properties. An element consists of only one kind of atom. Therefore, it cannot be broken down into a simpler type of matter by any physical of chemical method. 

Most elements exist in nature as a group of individual atoms, such as neon gas. However, several elements occur naturally in molecular form. A molecule is an independent structural unit consisting of two or more atoms that are chemically bound together. Oxygen, for example, is an element that occurs naturally as a diatomic molecule, meaning two atoms of oxygen are chemically bound together in nature. When all of the individual atoms in a substance are the same, it is called a pure substance.

A compound is a type of matter composed of two or more different elements that are chemically bound together. For example, water, ammonia, and carbon dioxide are common compounds. One defining feature of a compound is that the elements are present in a fixed ratio. In water, there are two hydrogen atoms for every oxygen atom. Thus, compounds can also be classified as pure substances. Another defining feature is that the properties of a compound are different from those of its component elements. The properties of hydrogen and oxygen gas, both diatomic elements, are substantially different than that of water. 

A mixture is a group of two or more substances that are physically combined. It is important to distinguish a physical from a chemical combination. In contrast to a compound, the substances present do not have to be present in a fixed ratio. Thus, a mixture is not a substance. A mixture can however, be classified as either heterogeneous or homogeneous. Homo- means “the same” and homogeneous means “the same throughout.” Hetero- means “different” and heterogeneous means “different throughout.” Can you think of some common examples of heterogeneous and homogeneous mixtures? List them below.
[image: ]
Heterogeneous:



Homogeneous:




Homogeneous mixtures are most often solutions, such as Kool Aide, salt water, etc. Heterogeneous mixtures can be made up of combinations of many different compounds and/or molecules. For example, raisin bread, cereal, or a bag of m&m’s are all heterogeneous mixtures.

To help you remember the different classifications of matter, look over the concept map to the right. 


2. 18 		Experimental Flow Charts

Flow charts are used to visually demonstrate an experimental procedure. As shown below, a box surrounds the starting or resulting material. A physical separation that is performed on the substance, such as filtering, decanting, etc., is used to show that two or more things result from the separation. A mechanical operation, such as stirring, heating, cooling, etc. is surrounded by two lines. When a substance is added, such as water, ice, a second substance, etc., is depicted with an arrow pointing into the line extending from the original substance. When a substance is removed, such as a precipitate, etc., the removal is depicted by an arrow pointing away from the line extending from the original substance. 











An example flow chart is shown below that visually depicts the reaction of lead nitrate with potassium iodide and the extraction of the resulting precipitate formed from the reaction.  A box surrounds the substance lead nitrate with a line descending from the bottom. An arrow going into the line depicts the addition of 25mL of distilled water. Two lines surround the mechanical operation of stirring until dissolved. An arrow going into the descending line shows the addition of 10mL of potassium iodide solution. Two lines surround the mechanical operation of stirring well. After this step, a long line labeled filtration is made with the two resulting substances, residue and decantate, each surrounded by a box.  From the substance labeled decantate, a long line labeled evaporation is made with the two resulting substances, vapor and precipitate, each surrounded by a box.
2.19 		Calculating Mass Percent
Mass-Percent
Whenever one talks about mass-percent, they are really talking about percentages. Percentages are based on parts out of 100. 

50% means how many parts out of 100? ________________

When you have mixtures, it is sometimes helpful to know the percentage of each substance in the mixture. For example, suppose you have a mixture that contains 20 grams of salt and 30 grams of sugar. What is the mass percent of the mixture?

Solution:
1. What is the total amount being used? 	_________
2. What part of the total is the salt? 	amount salt/total amount = ________
3. What percentage is the salt?		(amount salt/total amount) x 100 = ________%
4.  (
ACTIVITY 2.20
  PURIFICATION OF AN IMPURE SOLID
)What percentage is the sugar? 		100% - % Salt = _______% Sugar

DISCUSSION: Impure liquids can be purified by distillation.  Impure solids, on the other hand, can be purified by a crystallization method.  In this method, separation of the desired product from its contaminants depends upon the differing solubilities of the product and the contaminants in a solvent.

This method of purification also utilizes the fact that impurities are usually present in relatively small amounts.  As a result, impurities are more likely to remain in solution when the main product becomes saturated and crystallizes out.  Most of the pure chemicals encountered in the laboratory have been prepared in processes much like the one used in this experiment.

OBJECTIVE: 
1. To purify an impure sample of benzoic acid 
2. Determine the percent yield  of benzoic acid.  
3. Design an experimental procedure and construct a flow chart for purifying your sample.

PROCEDURE:  Design an experimental procedure and construct a flow chart for purifying your sample and have it approved by your instructor.  After approval, obtain approximately 10 grams of impure benzoic acid and record the weight of the sample to the nearest centigram.  You are to separate the solid components (don’t worry about recovering the dye) and return them to Ms. Rogers. Hint – WATER HAS MASS, be careful!

HINTS: 	Benzoic Acid – a white crystalline material. Very soluble in hot water, low solubility in cold water.

		Carbon – a black, earthy solid.  Insoluble in water.

		Red Dye #40 – a red solid.  Extremely soluble in water.

Filters – will separate insoluble solid materials from dissolved constituents.  The smaller the pore space, the more effective the filtering.  However, the smaller the pore space the slower the filtering and therefore more time for hot liquids to cool. 

 (
UNIT SELF TEST
)
1. Different kinds of matter are recognized by observing their ____________________________________.
2. Five characteristics or properties used to identify substances are: _____________________________________________________________________________________
3. Two kinds of changes that matter may undergo are ______________________and ___________________ .
4. A change in which a substance loses the properties by which we identify it is called a _______________ change. 
5. A change in which an element or compound may change some of its physical properties but not its chemical properties is called a ________________________change. 
6. Matter is defined as: ________________________________________________________________________ 
7. A mixture can be classified as either _____________________ or _________________________. A mixture that is the same throughout is called a ___________________________ mixture. 
8. State whether the following are Physical (P) or chemical (C) changes: 
a) Souring of milk _______ 		b) Rusting of iron _______ 		c) Breaking glass _______ 
d) Tarnishing of silver _______ 	e) Dissolving salt in water ______ 	f) Magnetizing iron _______ 
g) Burning of coal _______ 		h) Pulverizing sugar _______		i) Boiling water ________ 
j) Melting ice ________ 		k) Melting paraffin _______ 		l) Decaying of food _______
9. Does the application of heat to a substance always produce a chemical change? _______  
Give examples to support your answer.

10. How would you show that: 
a) dissolving sugar in water is a physical change. 

b) placing copper into hydrochloric acid is a chemical change.

11. A mixture is separated into each of its 3 original parts. Part A weighed 4.50g, part B weighed 6.5g, and part C weighed 9.05g. Below, calculate the mass percent of each part of the original mixture. Show work.

12. Calculate the density of a substance that has a mass of 30g and a volume of 3mL. Show work.
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