Physical Science

Science

Module 

PS-3.8
Properties and Classifications of Matter

Lessons
A - C

Instructional Progression: 
In 7th grade (7-5.6) students distinguish between acids and bases and use indicators (including litmus paper, pH paper, and phenolphthalein) to determine their relative pH. 
In chemistry (C-6) students will further develop the concepts of acids and bases by determining strong and weak acids and bases, as well as, using hydronium and hydroxide ion concentrations to determine pH and pOH of solutions.

Taxonomy level of indicator:

2.3-B Understand Conceptual Knowledge
Key Concepts:

Acid: acidic solution

Base: basic solution
pH scale

Neutral solution, neutralization reaction
Content Overview:
It is essential for students to

· Understand that one of the important working definitions of an acid is a chemical that releases hydrogen ions (H+) in solution and that a base is a chemical which releases hydroxide ions (OH-) in solution.

· Understand that the pH scale is a way to measure the concentration of hydrogen ions in solution. It measures how acidic or how basic a solution is.


The pH of a solution can be measured using pH paper, litmus paper, or pH 


meters.


The pH range of many solutions falls between 0 and 14.

The pH of pure water is 7. Any solution with a pH of 7 contains equal 


concentrations of H+ and OH- and is considered a neutral solution. It 


is not an acidic or a basic solution.
The pH of an acidic solution is less than 7. It contains more H+ than OH-. A lower number indicates more hydrogen ions. The lower the number the more acidic the solution.


The pH of a basic solution is greater than 7. It contains less H+ than OH-. 

A higher number indicates more OH- ions. The higher the number the 


more basic the solution is.

· Understand the physical and chemical properties of acidic solutions.


Acidic solutions conduct electricity (are electrolytes).


Acidic solutions have a tart or sour taste (Caution! Students should never 


taste anything in science lab).


Acidic solutions turn blue litmus paper red; other indicators will turn a 


specific color for each pH value.


Acidic solutions have a pH less than 7.


Acids react with active metals such as zinc and magnesium.


For the purposes of Physical Science, the formula of an acid can be 


recognized because the first element in the formula is hydrogen. 


(Since water does not give up an H+ readily, it will not be classified as 


an acid in this course.)

Examples might include:

HCl Hydrochloric acid (stomach acid)

H2SO4 Sulfuric Acid (common industrial acid)
 · Understand the physical and chemical properties of basic solutions.


Basic solutions have a slippery feel.

Basic solutions conduct electricity (are electrolytes).

Basic solutions have a pH greater than 7


Red litmus paper turns blue in the presence of a basic solution; other 


indicators will turn a specific color for each pH value.

For the purposes of Physical Science, the formula of a base can be 


recognized because the formula ends in OH.


Examples might include.

NaOH Sodium Hydroxide (drain cleaner)

Ca(OH)2 Calcium Hydroxide (hydrated lime - fertilizer)

· Understand the process of neutralization:


Acids and bases react to form water and a salt. This type of reaction is 

often called a neutralization reaction because the hydrogen ions from 


the acid and hydroxide ions from the base react to form water 



molecules (water is neutral).


An acid is used to neutralize a base; a base is used to neutralize an acid.

· Understand and be proficient at carrying out laboratory procedures for determining the pH of an unknown solution using pH paper or a pH meter, as well as, for determining whether an unknown substance is an acid or a base using litmus paper.
Teaching Lesson A:
Acids and Bases Lab
Introduction to the lesson:
Various substances are classified as acids or bases according to their physical and chemical properties. Many household materials are either acids or bases.

Lesson time:

1 day
Materials Needed:

Dropper bottles of household ammonia, vinegar, baking soda, toothpaste, detergent (Tide), milk of magnesia, Sprite, apple, lemon juice Toothpicks or coffee stirrers 

Strip of litmus paper broken into 10 small pieces,

pH paper broken into 10 small pieces 

Dropper bottles of phenolphthalein 

Plastic wrap or wax paper 

Baby oil or mineral oil 

Magnesium ribbon
Essential Question:

How can various substances be classified as either acid or base?

Procedure:
1. Place a drop of a material between your thumb and forefinger. Rub. Is it slippery or just wet? Record in data table. Repeat for each material.

2. Use a toothpick or stirrer to place one drop of the material on a small piece of litmus paper. Did it change color? Record the color. Repeat for each material.

3. Use a toothpick or stirrer to place one drop of the material on a small piece of pH paper. Did it change color? Record the color and pH number. Repeat for each material.

4. Place a very small amount of a material on a piece of plastic wrap or wax paper. Add one drop of phenolphthalein. Is there a color change? Record. Repeat for each material.

5. Place one drop of oil on a piece of waxed paper. Add about 5 drops of household ammonia and stir. Stir to determine if there is any mixing or if the oil seemingly disappears. Repeat with all of the other substances.

6. Place a very small piece of magnesium ribbon on the wax paper. Add about 5 drops of vinegar and observe for any production of gas.  Repeat for each substance.
Assessing the Lesson:

Formative Assessment
1.
Divide the tested materials into two groups.

Group 1 _______________________________________________________
Group 2 _______________________________________________________
How did you determine the way to divide them? ________________________________________________________
___________________________________________________________

2.
Acids have a pH less than 7. Which of the materials were acids? ________________________________________________________
____________________________________________________________

3.
Bases have a pH higher than 7. List the bases. ________________________________________________________
4.
Based on your investigation list the properties of acids and those of bases.

Acids
___________________________________________________________________________________________________________

________________________________________________________________________________________________________________
Bases ________________________________________________________
________________________________________________________________________________________________________________
5.
How are acids typically used? Bases?

6.
Which do you feel would be more harmful to ingest, household acids or household bases?

7.
In what types of containers are acids stored?

Answers:
1. Group 1- ammonia, baking soda, toothpaste, detergent, MOM

Group 2- vinegar, Sprite, lemon juice, apple juice

2. Example- All group 1 turned phenolphthalein pink.

3. Group 2 - ammonia, baking soda, toothpaste, detergent, MOM

4. Acids turn litmus red, have a pH below 7, colorless in phenolphthalein, feel wet, react with magnesium to form a gas.  Bases turn litmus blue, have a pH above 7, turn pink in phenolphthalein, feel slippery, do not react with magnesium and react with oil.

5 Acids are found in many foods and used to clean metals. Bases are used for dissolving grease and as cleaners around the home.

6 Household bases are caustic and will destroy animal matter.

7 Acids cannot be stored in metal containers so glass or plastic must be used.

Teaching Lesson B:

pH Rainbow Tube-A Demonstration

Introduction to the lesson:

As an acid and base neutralize each other, it is possible to show the stages using Universal Indicator that contains a mix of various indicators which change color at certain pH values. Purple cabbage juice acts similar to UI.
Lesson time:

0.5 day
Materials Needed:

0.5 mL of 0.1 M NaOH 

0.5 mL of 0.1 M HCl 

deionized water 

100-200mL of a 5% universal indicator solution (or red cabbage extract) The concentration must be visually adjusted; see Lab Hints below. 

2 clear glass or plastic tubes, ID: 1-3 cm, length: 40-80 cm 

2 solid rubber stoppers to fit tube 

1 beaker or cup (volume must exceed that of the tube) 

2 eyedroppers or disposable pipets 

Essential Question:

How does Universal indicator show a wide range of pH values?

Procedure:
1. With one end securely stoppered, fill the tube to within 3-4 cm of the top with a solution of universal indicator in water. Then add a few drops of HCl to the tube, stopper securely while keeping a hand on the bottom stopper to hold it in place! Invert and observe the colors produced. 

2. Remove the top stopper (which used to be on bottom), add an equal number of drops of NaOH to the tube, re-stopper securely while keeping a hand on the bottom stopper to hold it in place! Invert and observe. The full indicator spectrum is now spread throughout the tube. Note the differences between the tube before and after the base was added. 

3. Ask students to predict how many times the tube would need to be inverted back and forth before the entire solution was evenly mixed to restore the homogeneous green color throughout. Try it. 


Set up a second tube as a wall exhibit. Leave the tube undisturbed -- clamped in a vertical position for a few hours (days?). Make periodic observations. The series of changes that the system undergoes is quite interesting -- though not always 

4. Once the solution is brought back to its original uniform color, it is ready to be used again. In fact, depending on the longevity of the universal indicator being used, the same solution can be recycled many times.

Safety and Lab Hints: 

1. Caution: When pushing in the stopper on top, keep in mind that pressure is easily transferred through a liquid. In other words, always keep a hand on the bottom stopper to hold it in place! 

2. The precise proportions of the indicator/water solution depend on the type of indicator used as well as the dimensions of the tube. Start with a 1:20 mixture, then adjust it from there to produce rich colors in the tube. 

3. The number of drops of acid and base are not critical. 3-4 drops work well for a small, 100 mL tube; a larger tube might require a proportionately larger number of drops. 
Assessing the Lesson:

Formative Assessment 

1. Describe the color of the UI in water _____; in NaOH_____; in HCl______.

2. Describe the colors of the tube as it is inverted. ______________________

3. How many times was it inverted before the solution remained one color (hopefully green again!) _____

4. How many days did it require for the undisturbed tube to become homogeneous? _____

Answers

1. green, purple, red

2. Student observations

3. Student observations

4. Student observations

Teaching Lesson C:

A Neutralization Lab
Introduction to the lesson:

Students may have experience with neutralization reactions as they use antacids such as Tums or milk of magnesia to calm acid stomachs. They may also be familiar with liming acid soils. 

Lesson time
1 day
Materials Needed:

evaporating dish

 

dropper bottles of 0.10M HCl,0.10M NaOH, and phenolphthalein

stirring rod

watch glass

hot plate


10mL graduated cylinder
Essential Question:

What are the products of a neutralization reaction?

Procedure:

1. Add 10 mL of water to an evaporating dish. 

2. Add 3 drops of phenolphthalein to the evaporating dish. Observe 

3. Carefully add 20 drops of 0.10 M NaOH to the water. Observe.

4. Add 0.10 M HCl drop wise to the dish. Stir after the addition of each drop. Keep an accurate count of the number of drops being added. When the color of solution begins to disappear add drops more slowly and be sure to stir thoroughly.
5. When the last drop of the acid has removed all of the color, add one drop of base. What happens?
6. Finally, add one drop of the acid and stir. Did the color disappear?
7. Pour the contents of the evaporating dish onto the watch glass and allow the water to evaporate either overnight or by heating on very low setting on hot plate.

8. Describe the appearance of the material on the watch glass.

9. Add 10 mL of water to an evaporating dish. 

10. Add 3 drops of phenolphthalein to the evaporating dish. Observe 

11. Carefully add 20 drops of 0.10 M NaOH to the water. Observe.

12. Add 0.10 M HCl drop wise to the dish. Stir after the addition of each drop. Keep an accurate  count of the number of drops being added. When the color of solution begins to disappear add drops more slowly and be sure to stir thoroughly.
13. When the last drop of the acid has removed all of the color, add one drop of base. What happens?
14. Finally, add one drop of the acid and stir. Did the color disappear?
15. Pour the contents of the evaporating dish onto the watch glass and allow the water to evaporate either overnight or by heating on very low setting on hot plate.

16. Describe the appearance of the material on the watch glass.

Assessing the Lesson:

Formative Assessment 

1.
Compare the color of phenolphthalein in water, in an acid and in a base.

2.
What part of an acid acts on a base? What part of a base acts on an acid? What is always a product of this action?

3.
What action does the acid have on the base?

4.
Compare the number of drops of acid needed to cause 20 drops of the base to be neutralized?

5.
What expression do chemists use to indicate the exact place of neutralization?

6.
What substances remained in the evaporating dish when the neutralization was accomplished? Describe its appearance.

7.
What remained on the watch glass after evaporation of the water?

8.
Write a word equation for the reaction.

9.
Write a general equation for any acid base reaction.

10.
Suggest another method of determining the exact point of neutralization.

11.
Give several practical applications of the use of acids or bases in neutralization processes.

Answers:

1. Colorless in water and acid, pink in base.

2. The H in the acid acts on the base. The OH of the base acts in the acid. The product is always a salt.

3. Base neutralizes the acid.

4. Should be the same.

5. When the number of H+ and the number of OH- are equal.

6. Sodium and chlorine in the form of a salt, sodium chloride.

7. Salt, sodium chloride.

8. Hydrochloric acid plus sodium hydroxide yields sodium chloride plus water.

9. Acid plus base yields salt plus water.

10. Student answer.

11. Student Answer

Assessment 1
Review of Acid and Base Properties

A Worksheet

Complete the table below.

	Substance
	Property
	pH (<7 or >7)
	Formula
	Acid or Base

	Ammonia
	Slippery
	
	NH4OH
	

	Vinegar
	Corrosive
	
	HC2H3O2
	

	Drano
	Turns litmus blue
	
	NaOH
	

	Sprite
	Tastes sour
	
	H2CO3
	

	Milk of magnesia
	Neutralizes stomach contents
	
	Mg(OH)2
	

	Limewater
	Bitter
	
	Ca(OH)2

	

	Oil of vitriol
	Corrosive
	
	H2SO4
	

	Lemon juice
	Tastes sour
	
	H3C6H5O7
	

	Windex
	Caustic
	
	NH4OH
	

	Liquid Plumber
	Caustic
	
	KOH
	

	Milk
	Turns  litmus red
	
	HC3H5O3
	

	Etching compound
	Corrosive
	
	HF
	

	Aspirin
	Tastes sour
	
	HC9H7O4
	

	Lye
	Turns phenolphthalein red
	
	NaOH
	

	Phenol
	Corrosive
	
	HC6H5O
	

	Spirit of Salt
	Reacts with metal
	
	HCl
	

	Vitamin C
	Tastes Sour
	
	HC6H7O6
	


Questions:

1.
List some common properties of acids

2.
List some common properties of bases)

3.
Compare the formulas of the acids. What did they have in common? 

4.
Compare the formulas of the bases. What did they have in common?
5.
For the household materials divide them into two groups: 

Answers:

1. Taste sour, have an initial hydrogen atom, corrode metals, turn litmus red, pH     less than 7.)

2. .Taste sour, have an initial hydrogen atom, corrode metals, turn litmus red, pH less than 7.
3. Begin with H

4. End in OH

5. Acids:  HC2,H3O2, H2CO3, H3C6H5, O7, HC3H5O3, HF, HC9H7O4,HC6H5O, HCl HC6H7O6   
Bases:  NH4OH, NaOH, Mg(OH)2, Ca(OH)2, NH4OH, KOH, NaOH

Assessment 2

EOC Type Questions
1. The formula H2SO4 is representative of which of the following?


A. catalyst


B. base


C. An acid _

         D. An organic compound
2. The pH of a solution HCl could equal —

A. 7
B. 1 _

C. 11

D. 13
3. A student spills a diluted acid solution on his hand. He should —


A. wipe it off with a paper towel


B. let it air dry


C. apply a base solution to neutralize it

D. rinse it off with running water 
4. Which of the following best represents the reaction between 
hydrochloric acid and sodium hydroxide?


A. 2HCl + 2NaOH ( Na(OH)2 + H2Cl2

B. HCl2 + 2Na(OH)2 ( 2H2O + 2NaCl + OH

C. HCl + NaOH( H2O + NaCl _


D. 2HCl + Na(OH)2 + 2H2 + Na + Cl_ +  O22185640
5. Which of the following aqueous solutions will cause litmus paper to


turn red?


A. NaOH


B. NaCl


C. HCl _


D. H2O
6. Ulcers are often caused by an excess of stomach acid. Milk of magnesia 
is often used to soothe the irritation. Milk of magnesia is probably —


A. an acid


B. a base _


C. an indicator


D. a colloid
Answers

1. C

2. B

3. D

4. C

5. C

6. B


Misconceptions/Common Errors:

Students are prone to believe that acids are generally more harmful to humans than are bases. Care should be taken to show the effect of both acids and bases on plant and animal fibers as well to affirm that our bodies have a balanced pH that must not be altered except in very small increments.

SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction: 2.5 
	(one day equals 90 min)

	Standard(s) addressed:  PS-3 The student will demonstrate an understanding of various properties and classifications

of matter.

	

	Properties and Classifications of Matter

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	3.8
Classify various solutions as acids or bases according to their physical properties,

chemical properties (including neutralization and reaction with metals), generalized

formulas, and pH (using pH meters, pH paper, and litmus paper).

	SC Science Standards Support Guide http://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

http://www.science-house.org/learn/CountertopChem/exp24.html
Witches Potion- acids and bases and phenolphthalein

http://www.texaseducator.com/family/jbouyer/lessons/Science/askew/mycourses/pacid.htm
A good site for acid and bases.

http://www.csudh.edu/oliver/chemdata/ind-prep.htm
Helps in preparing indicators

http://www.s-cool.co.uk/topic_principles.asp?loc=pr&topic_id=1&subject_id=21&ebt=212&ebs=&ebl=&elc=4
	See Module 3.8
Lesson A
Acids and Bases (lab)

Lesson B
pH Rainbow Tube (A Demonstration)

Lesson C

A Neutralization Lab



	Assessment 1
Review of Acid and Base Properties - A Worksheet

Assessment 2
EOC Type Questions

Assessment Guidelines:

The objective of this indicator is to classify various substances as acids or bases and various solutions as acidic or basic according to properties, formulas, and pH, therefore, the primary focus of assessment should be to categorize a substance based on the criteria in the indicator.

In addition to classify, assessments may require that students


	Properties and Classifications of Matter

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	S-Cool Chemistry GSCE Acids and Alkalis

This site is a good review and should be revisited after 4:10.

http://sv.berkeley.edu/showcase/flash/juicebar.html
This is the GEMS Alien Juice Bar. It is interactive and allows students to explore acids and bases.

Streamline SC

Elements of Chemistry: 

Acids, Bases, and Salts (0:00-3:14) (8:15-10:46)

Streamline SC

Chemistry Connections:

Acids and Base Defined (7:03-21:02)


	
	· Exemplify acidic or basic solutions based on their properties;

· Identify an acid or a base using its formula;

· Compare acids to bases with reference to relevant characteristics which define each category;

· Summarize the major points which define each category; or

· Infer from data the correct classification (acidic or basic) of an unknown solution.



Standard:  The student will demonstrate an understanding of various properties and classifications of matter.





Indicator: Classify various solutions as acids or bases according to their physical properties, chemical properties (including neutralization and reaction with metals), generalized formulas, and pH (using pH meters, pH paper, and litmus paper).





Other indicators addressed:  PS-1.1, 1.2, 1.3, 1.5, 1.9, 3.1, 2.3 








