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Part 1: IDENTIFICATION - Identify the following examples as:

A = acid

S = salt

NMO = nonmetallic oxide (acid anhydride)

B = base

M = metal
MO = metallic oxide (base anhydride)

C = carbonate compound

____1.  AgOH

____2.  MgO

____3.  K

____4.  ZnCO3
____5.  CaF2

____6.  Na2CO3

____7.  Na3PO4


____8.  Co

____9.  CaCO3

____10.  H2SO4

____11.  ClO3

____12.  SO3
____13.  Fe203

____14.  Mg(OH)2

____15.  HNO3

____16.  PbO2 
____17.  CO2

____18.  Ag

____19.  Na2O

____20.  HBr

Part 2: NEURALIZATION REACTIONS 

Complete and Balance the following reactions:

21.  HCl
+    Mg(OH) 2 ( 

22.  HBr
+    LiOH (
23.  HF
+    Al(OH) 3 (
24.  Ba(OH) 2    +    HI (
25.  H2SO4    +    Pb(OH)4 (
26.  Hg(OH)2    +    H3PO4 (
27.  HNO3     +    Cu(OH) 2(
28.  Zn(OH)2    +    H3PO4 (
29.  H2SO3    +    Mn(OH)4 (
30.  NaOH    +    HC2H3O2(
Part 3: PARENT ACIDS AND BASES

Give the FORMULA for the parent acid and base of each salt.
	SALT
	PARENT ACID
	PARENT BASE

	31. sodium chloride
	
	

	32. Zn(NO3) 2
	
	

	33. lead II carbonate
	
	

	34. potassium sulfate
	
	

	35. AgClO3
	
	

	36.  sodium phosphate
	
	

	37. CuF
	
	

	38. magnesium nitrite
	
	

	39. Na2SO4
	
	

	40. potassium sulfite
	
	

	41. CuNO3
	
	

	42. K2SO3
	
	

	43. PbI4
	
	

	44. lithium acetate
	
	

	45. aluminum iodide
	
	

	46. copper I fluoride
	
	

	47. Al(ClO3) 3
	
	

	48. KNO3
	
	

	49. NaBr
	
	

	50. ammonium phosphate
	
	


Part  4: CLASSIFICATION, COMPLETION, BALANCING

Classify each of the following reactions as one of the following and predict the products (what type of compound they will be):

AM = acid + metal
     
  
NMOW = nonmetallic oxide + water  
SW = salt + water

AC = acid + carbonate compound 
  MOW = metallic oxide + water       

AB = acid + base

____71.  HCl
+
NaOH(
____72.  H2O
+
NaBr(
____73.  Na2CO3  
+
H2SO4(
____74.  H2O        
+
SO2(
____75.  CaO
+
H2O(
____76.  H2O
+
MgO(
____77.  HNO3     
+         Pb(OH)4(
____78.  MgCl2
+
H2O(
____79.  H2SO4     
+
Ca(
____80.  CO2 
+
H2O(
____81.  H2SO4     
+
NaOH(
____82.  H2O 
+
Ca(NO3)2(
____83.  Pb 
 
+
HNO3 (
____84.  HBr
+
 CaCO3(  
____85.  K2SO4 
+
H2O (
____86.  Mg
+ 
 HCl(
____87.  H3PO4
+
K2CO3(
____88.  NaCl
+ 
H2O(
Part  5: ION PRODUCT CONSTANT FOR WATER (Kw)

Determine the concentration of the H3O + ion and the OH- ion (whichever is unknown) for each solution and determine the pH of the solution.

89.  4.5 x 10-1 M of HCl                92. 1.0 x 10-5 M of KOH

90. 5.0 x 10-7 M of H3PO4
91.  1.2 x 10-3 M of Mg(OH)2   
Part 6
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Part 7
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Part 8 Questions:  

1.  List 5 general properties of both acids and bases…

2.  Name the following binary acids

HF –

HCl – 

HBr – 

HI –

3.  Write formulas for the following oxyacids

Sulfuric acid –

Nitric acid –

Acetic acid –

Chloric acid-

Sulfurous acid –

Carbonic acid –

4.  Name the 5 commonly used acids in industry…

5.  What is the Arrhenius definition of an acid?  Explain how according to this definition, HNO3 is an acid?

6.  What is the Arrhenius definition of a base?  

7.  What is the difference between a strong and weak acid?  Give 3 examples of each.

8.  Give 4 examples of strong bases and one example of a weak base.

9.  What is meant by the term alkaline?

10.  Why are strong acids also strong electrolytes?

11.  H3PO4 which contains 3 hydrogen atoms per molecule, is a weak acid, whereas HCl, which contains only one hydrogen atom per molecule, is a strong acid.  Explain why.

12.  Distinguish between a monoprotic, a diprotic, and a triprotic acid and give an example of each.

13.  What is the definition of a Bronsted-Lowry acid?  Give an example…

14.  What is the definition of a Bronsted-Lowry base?  Give an example…

15.What is a Lewis acid?  Lewis Base?

Part 9  Neutralization Reactions

Purpose:  To determine the products of an acid / base reaction.

Procedure: 

Part I

1. Measure 5 ml of NaOH in the graduated cylinder and pour into the 50 ml beaker.

2. Measure 5 ml of HCl in the graduated cylinder and pour into the 2nd  50 ml beaker.

3. Add 3 ml of distilled water to the 100 ml beaker.

4. Add 2 droppers full of NaOH to the water in the 100 ml beaker.

5. Add 2-3 drops of phenolphthalein indicator to the 100 ml beaker and stir with the stirring rod (the solution should be pink, indicating base).

6. You will now neutralize the base with the acid, drop by drop, until one drop changes the solution from pink to clear and the solution remains clear for at least 30 seconds. (remember to stir thoroughly between drops)

7. Place the 100 ml beaker solution on the hot plate and slowly allow all the water to boil away.

      (CAUTION:  DO NOT OVERHEAT!!!—IT WILL BREAK THE BEAKER)

Part II

8. Using a well plate, mix the following acids and bases using the data table below.  

9. Using pH paper and the chart on the pH paper vial, indicate the acidity,  alkalinity or neutrality of the neutralization reactions based on the strengths of  acids and bases combining. 
Indicate the type of salt produced from the neutralization reactions: Acidic , Alkaline, Neutral.  

	Solution Used
	Acetic Acid (                )
	Hydrochloric Acid (         )
	Nitric Acid (               )
	Sulfuric Acid (              )

	Sodium Hydroxide

(                           )
	
	
	
	

	Magnesium Hydroxide

(                       )
	
	
	
	

	Lithium Hydroxide

(                    )
	
	
	
	

	Strontium Hydroxide

(                       )
	
	
	
	

	Potassium hydroxide

(                         )
	
	
	
	

	Barium Hydroxide

(                     )
	
	
	
	


Observations and Questions:

1. What is the residue on the bottom of the beaker?

2. How do you think it would taste?  (Don’t taste it!!)
3. What is the chemical name for the residue left in the beaker?

4. A neutralization reaction occurs when _______________________________.

5. The products of a neutralization reaction are __________________________.

6. The salt is formed from _______________.

a. the positive ion of the acid and the positive ion of the base

b. the negative ion the acid and the negative ion of the base

c. the positive ion of the acid and the negative ion of the base

d. the negative ion of the acid and the positive ion  of the base

7. During neutralization, water is formed from ________________.

a. the positive ion of the acid and the negative ion of the base

b. the negative ion the acid and the negative ion of the base

c. the positive ion of the acid and the negative ion of the base

d. the negative ion of the acid and the positive ion  of the base

8. Acids neutralize ___________________________ to produce ________________ and _________________.

9. Bases neutralize ___________________ to produce _____________ and __________________.

10. Write the balanced chemical equations for the following neutralization reactions:

     
a.       hydrochloric acid and sodium hydroxide (
       
b.      Nitric acid   +         copper II hydroxide(
         
c.      sulfuric acid   +       magnesium hydroxide  (
d.    Chloric acid  +      calcium hydroxide  (
     
e.       carbonic acid +      lithium hydroxide ( 

Part 10 Indicator Lab
Purpose :  To determine the pH of household substances and to test how indicators work in acids, bases , and neutral substances.
Equipment





Materials
Hot plate





Red  and Blue litmus paper

250 ml beaker





pH paper
pipette 






phenolthalein
forceps






bromethymol blue







methyl red







universal indicator





                                                                                                    red cabbage juice






Procedure:  Part I
Preparation of Cabbage indicator: (Start on this first---it will take a while)
a.  Place 2-3 leaves of the red cabbage leaves in water in the 250 ml beaker and place on 
the hot plate.    
b.  Bring to a boil and continue to heat  until water turns a purple color.
c.  While waiting for the juice to cool go on to part II.
d.  Allow to cool .  When cooled it is ready to use as an indicator. Use Pippette to place 2-3 drops into each substance being tested.
Part II

Determine color of indicators in Acid , Base, and Neutral:
a. Place a small amount of 1M HCL in 6 of the wells in the well plate.
b. Place a small amount of 1M NaOH in 6 of the wells in the well plate.
c. Place a small amount of distilled water  in 6 of the wells in the well plate.
(You will be testing 8 different indicators, however only 6 wells are necessary because the first 3 substances are paper tests and will not render the sample unusable.)

b. Test the HCL with all the 8 indicators to determine color in an Acid. Record results in the data table.
c. Repeat step b for NaOH. Record results in data table.
d. Repeat step b for distilled water. Record results in data table.
e. Dump out solutions in the sink and rinse with tap water.  
Part III
Determining pH of household substances
a.  Place a small amount of each of the 4 household substances that will be tested in the 6 wells , going across the spot plate.
b.  Tear a piece of red litmus into 4 pieces .
c.Using the forceps, Drop one piece of  the red litmus paper into each solution. Remove and place onto paper towel to read result.
a. Repeat a-c for blue litmus. 
b. Repeat a-c for pH paper. ( steps a-e can be performed in spot #1)
f.    Drop 1 drop of  bromethymol blue in spot #2 down the column.
g. Place 1-2 drops of methyl red into spot #3 down the column.
h. Place 1-2 drops of phenolthalein into spot #4 down the column.
i. Place 1-2 drops of universal indicator into spot #5 down the column.
j. Place 1-2 drops of red cabbage into spot #6 down the column.
k. Record color changes observed in the data table.
Data:  Determining color of indicators in an acid , base, and neutral substance:
	Indicator
	Acid ( HCl )
	Base Na (OH )
	Neutral (distilled water )

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Determining color and pH of 4 household substances: 
	Substance
	red litmus
Spot
#1
	blue litmus
Spot
#1
	pH paper
Spot
#1
	bromethyl blue
Spot
#2
	Methyl red
Spot
#3
	Phenolphalein
Spot
#4
	UI

Spot
#5
	Cabbage juice
Spot
#6

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	


Part 11 Virtual Titration of a Strong Acid with a Strong Base

1. Go to Mrs. Paul’s website…..Acids and Bases….. Open the Virtual Titration of a Strong Acid with a Strong Base document and click on the link below.

2. http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/acid_base.html
Virtual Procedures:     (View: full screen)

STEP 1: SELECT TYPE OF REACTION 

Strong acid vs strong base

STEP 2: FILL THE BURETTE WITH

Base

STEP 3: (on the left hand edge of the screen) SELECT THE ACID AND BASE

ACID                BASE
HCl                   NaOH

You should now see the burette fill with the NaOH…………

STEP 4: (on the bottom edge of the screen) SELECT THE INDICATOR

Phenolphthalein

STEP 5: PUSH SLIDER UP TO ADD VOLUME OF BASE

Do this step very carefully!!

You will need to get at least 10 data points by reading the burette volume of the base before the solution turns pink and 5 data points after it turns pink. 

 If you miss “it” you will need to start over.  When you are close to the equivalence point the solution will turn pink for a moment and then go away. You may want to add volume at this point using the DROPWISE button.    

DATA TABLE:  TITRATION DATA RESULTS

Data Analysis

Volume Readings before turns PINK

	Trial #
	Volume in ml

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	


Volume Readings after turns PINK

	Trial #
	Volume in ml

	1
	

	2
	

	3
	

	4
	

	5
	


Write products and balance equation for the neutralization reaction occurring in the flask as you titrated.

HCl (aq)   +  NaOH (aq) (   _____________________

CALCULATIONS:

	Concentration of HCl (given)
	________ M

	HCl volume in the flask (given convert to Liters)
	_______ mL  =  __________L

	NaOH volume added
before turning pink
	________ mL = __________L


	Moles HCl

M = mol
         L
	________ mol

	Moles NaOH
 (from balanced reaction)


	________ mol

	Concentration of NaOH (M)

M = mol
         L


	________ mol/L


Enter this last number into:

S    STEP 6 AFTER TITRATION, CALCULATE AND ENTER M    MOLARITY OF BASE (M). CLICK OK.  
If the a      IF answer is correct it will say CORRECT……choose GRAPH.  
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Part 12  Acid-Base Titration

A titration is a process used to determine the volume of a solution needed to react with a given amount of another substance. In this experiment, you will titrate hydrochloric acid solution, HCl, with a basic sodium hydroxide solution, NaOH. The concentration of the NaOH solution will be given and you will determine the unknown concentration of the HCl. Hydrogen ions from the HCl react with hydroxide ions from the NaOH in a one-to-one ratio to produce water in the overall reaction:
H+(aq) + Cl-(aq) + Na+(aq) + OH-(aq) 
[image: image18.wmf]¾ 
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  H2O(l) + Na+(aq) + Cl-(aq)  
When an HCl solution is titrated with an NaOH solution, the pH of the acidic solution is initially low. As base is added, the change in pH is quite gradual until close to the equivalence point, when equimolar amounts of acid and base have been mixed. Near the equivalence point, the pH increases very rapidly, as shown in Figure 1. The change in pH then becomes more gradual again, before leveling off with the addition of excess base.
In this experiment, you will use a pH electrode to monitor pH as you titrate. The region of most rapid pH change will then be used to determine the equivalence point. The volume of NaOH titrant used at the equivalence point will be used to determine the molarity of the HCl. 
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PROCEDURE
1.  Use a graduated cylinder to  measure 10 mL of the HCl solution into a 250-mL beaker. Using a graduated cylinder, add 50 mL of distilled water. CAUTION: Handle the hydrochloric acid with care. It can cause painful burns if it comes in contact with the skin. 
2.  Set up a buret, pH probe with cbl/calc, and your 250 ml beaker as instructed by your teacher

[image: image20.wmf]

3.  Plug the pH amplifier into the adapter cable in Channel 1 of the CBL System. 
•
Use the link cable to connect the CBL System to the TI Graphing Calculator. Firmly press in the cable ends.
4.  Obtain a 50-mL buret. Use a utility clamp to attach the buret to the ring stand as shown in Figure . Fill the buret a little above the 0.00-mL level of the buret with ~0.1 M NaOH solution. Drain a small amount of NaOH solution so it fills the buret tip and leaves the NaOH at the 0.00-mL level of the buret. Record the precise concentration of the NaOH solution in your data table. CAUTION: Sodium hydroxide solution is caustic. Avoid spilling it on your skin or clothing. 
5.  Turn on the CBL unit and the calculator. Start the LOGGER PRO program and proceed to the MAIN MENU.
6.   Set up the calculator and CBL for pH measurement.
•
Select SET UP PROBES from the MAIN MENU.
•
Enter “1” as the number of probes.
•
Select PH from the SELECT PROBE menu.
•
Enter “1” as the channel number.
•
Select USE STORED from the CALIBRATION menu.
7.  Set up the calculator and CBL for data collection.
•
Select COLLECT DATA from the MAIN MENU.
•
Select TRIGGER/PROMPT from the DATA COLLECTION menu. Follow the directions on the calculator screen to allow the system to warm up, then press 
[image: image21.wmf]ENTER

.
8.  Press 
[image: image22.wmf]ENTER

 after the pH system has warmed up 30 seconds. Before adding NaOH titrant, monitor the pH value on the CBL screen. Once the pH has stabilized, press 
[image: image23.wmf]TRIGGER

 on the CBL and enter “0” (the buret volume, in mL) in the TI calculator. You have now saved the first data pair for this experiment.

9.  You are now ready to begin the titration. This process goes faster if one person manipulates and reads the buret while another person operates the calculator and enters volumes. 

• Select MORE DATA to collect another data pair. Add the next increment of NaOH titrant (enough to raise the pH about 0.15 units). When the pH stabilizes, press 
[image: image24.wmf]TRIGGER

 and enter the current buret reading (to the nearest 0.01 mL). You have now saved the second data pair for the experiment. 
• Select MORE DATA. Continue adding NaOH solution in increments that raise the pH by about 0.15 units and enter the buret reading after each increment. When a pH value of approximately 3.5 is reached, change to a one-drop increment. Enter a new buret reading after each increment. Note: It is important that all increment volumes in this part of the titration be equal; that is, one-drop increments. 
• After a pH value of approximately 10 is reached, again add larger increments that raise the pH by about 0.15 pH units, and enter the buret level after each increment. 
• Continue adding NaOH solution until the pH value remains constant. 

10.  Select STOP AND GRAPH from the DATA COLLECTION menu when you have finished collecting data. Examine the data points along the displayed graph of pH vs. NaOH volume. As you move the cursor right or left, the volume (X) and pH (Y) are displayed below the graph. To determine the equivalence point, go to the region of the graph with the large increase in pH. Examine the data in this section to find the largest increase in pH upon the addition of 1 drop of NaOH solution. Find and record the NaOH volume just before this jump. Then record the NaOH volume after the drop producing the largest pH increase was added.

PROCESSING THE DATA

1.
Use your printed graph and data table to confirm the volume of NaOH titrant you recorded before and after the largest increase in pH values upon the addition of 1 drop of NaOH solution. 

2.
Determine the volume of NaOH added at the equivalence point. To do this, add the two NaOH values determined above and divide by two. 

3.
Calculate the number of moles of NaOH used.

4.
See the equation for the neutralization reaction given in the introduction. Determine the number of moles of HCl used. 

5.
Recall that you pipeted out 10.0 mL of the unknown HCl solution for the titration. Calculate the HCl concentration. 

DATA AND CALCULATIONS

	Concentration of NaOH
	________ M

	NaOH volume added
before largest pH increase
	________ mL

	NaOH volume added
after largest pH increase
	________ mL


	Volume of NaOH added at 
equivalence point


	________ mL

	Moles NaOH


	________ mol

	Moles HCl


	________ mol

	Concentration of HCl (M)


	________ mol/L


Part 13 Percentage of Acetic Acid in Vinegar

Background:


When sweet apple cider is fermented, the product is either an alcohol called apple jack or an acid called vinegar. If fermentation takes place without oxygen, alcohol and carbon dioxide are produced. But if oxygen is present in the fermentation process, acetic acid and carbon dioxide are produced. Most commercial vinegars have a mass percentage of acetic acid between 4.0% and 5.5%. The white vinegar you will use in this experiment is not produced by fermentation; it is obtained by the dilution of 100% acetic acid.

Purpose:  To determine the percentage of acetic acid in household vinegar. 



[image: image25.wmf]
Procedures:

1.  Go to the buret station containing the vinegar.  Record the initial reading of the buret, estimating the volume to the nearest 0.01 mL.
2.  Allow 10 mL of vinegar to flow into a clean beaker. Using a graduated cylinder, add about 10 mL of distilled water to the beaker to increase the volume. (This procedure will make it easier to determine the color change when the end point is reached.) Add one or two drops of phenolphthalein solution to serve as an indicator.(base specific)

3.  Set up your own buret station at your lab table using the diagram above.  

4.  Fill the buret past the 0 mark with the 0.6 M of NaOH.  

5.  Allow some of the NaOH to flow out of the buret into a WASTE BEAKER to allow any air bubbles to be removed.  Stop the flow when the NaOH reaches the 0.00 mark or close to that measurement. Record this value to 2 decimal places in your data table.   

6.  Turn on the CBL unit and the calculator. Start the CHEMBIO program and proceed to the MAIN MENU.

7.  Set up the calculator and CBL for pH measurement.

•
Select SET UP PROBES from the MAIN MENU.

•
Enter “1” as the number of probes.

•
Select pH from the SELECT PROBE menu.

•
Enter “1” as the channel number.

•
Select USE STORED from the CALIBRATION menu.

8.  Set up the calculator and CBL for data collection.

•
Select COLLECT DATA from the MAIN MENU.

•
Select TRIGGER/PROMPT from the DATA COLLECTION menu. Follow the directions on the calculator screen to allow the system to warm up, then press 
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.

9. Press 
[image: image27.wmf]ENTER

 after the pH system has warmed up 30 seconds. Before adding NaOH titrant, monitor the pH value on the CBL screen. Once the pH has stabilized, press 
[image: image28.wmf]TRIGGER

 on the CBL and enter “0.00” (the buret volume, in mL) in the TI calculator. You have now saved the first data pair for this experiment.


10.
You are now ready to begin the titration. This process goes faster if one person manipulates and reads the buret while another person operates the calculator and enters volumes. 

• Select MORE DATA to collect another data pair. Add the next increment of NaOH titrant (enough to raise the pH about 0.15 units). When the pH stabilizes, press 
[image: image29.wmf]TRIGGER

 and enter the current buret reading (to the nearest 0.01 mL). You have now saved the second data pair for the experiment. 

• Select MORE DATA. Continue adding NaOH solution in increments that raise the pH by about 0.15 units and enter the buret reading after each increment. When a pH value of approximately 4.5 is reached, change to a one-drop increment. Enter a new buret reading after each increment. Note: It is important that all increment volumes in this part of the titration be equal; that is, one-drop increments. 

• After a pH value of approximately 10 is reached, again add larger increments that raise the pH by about 0.15 pH units, and enter the buret level after each increment. 

• Continue adding NaOH solution until the pH value remains constant. 


11.  Select STOP AND GRAPH from the DATA COLLECTION menu when you have finished collecting data. 

Percent Acetic Acid in Vinegar

Data Table:
	Trial number
	Initial NaOH reading (mL)
	Final NaOH reading (mL)
	Difference 

Vf-Vi = L
	Initial vinegar reading (mL)
	Final vinegar reading (mL)
	Difference 

Vf-Vi = L

	1
	
	
	
	
	
	


Write the equation for the reaction here:   

DATA AND CALCULATIONS
	1. Concentration of NaOH known
	________ M

	2. NaOH volume added
before largest pH increase

(from graph)
	________ mL

	3. NaOH volume added
after largest pH increase
	________ mL


	4. Volume of NaOH at 
equivalence point
	________ L

	5. Moles NaOH


	                                        ________ mol

	6.  Moles HC2H3O2

	                                          ________ mol

	7.  Concentration of HC2H3O2
M = mol
         L
	                                            ________ mol/L

	8.  formula mass of acetic acid


	___________ g                                          

	9.  Mass in grams per 1 liter of vinegar.  
	 _________mol       ____________g 

                    L                     1 mol       =      _____g/L

	10.  Change liters of vinegar to grams of vinegar. 

(assume vinegar has a  density similar to water 1 ml = 1g)
	______g of acetic acid in vinegar      x 100 = 

 1000 g  vinegar solution

                                                           ___________%


Questions:

1. If the vinegar company advertises vinegar to be 4-5% vinegar by volume.  How close do your measurements match this number?

2. Why is it important for company manufacturing vinegar to regularly check the molarity of its product?

3. What was the purpose of using the phenolphthalein? Could you have titrated the vinegar sample without the phenolphthalein?

4. At the beginning of each titration, 10 mL of vinegar was run into the beaker and the vinegar was diluted with distilled water. Why was the calculated molarity of the acetic acid not affected by the water?

Part 14  Acid Rain
In this experiment, you will observe the formation of four acids that occur in acid rain:

• carbonic acid, H2CO3

• nitrous acid, HNO2

• nitric acid, HNO3

• sulfurous acid, H2SO3
Carbonic acid occurs when carbon dioxide gas dissolves in rain droplets of unpolluted air:

(1)  CO2(g) + H2O(l) 
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  H2CO3(aq)  
	Nitrous acid and nitric acid result from a common air pollutant, nitrogen dioxide (NO2). Most nitrogen dioxide in our atmosphere is produced from automobile exhaust. Nitrogen dioxide gas dissolves in rain drops and forms nitrous and nitric acid: 

(2)  2 NO2(g) + H2O(l) 
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  HNO2(aq) + HNO3(aq)
Sulfurous acid is produced from another air pollutant, sulfur dioxide (SO2). Most sulfur dioxide gas in the atmosphere results from burning coal containing sulfur impurities. Sulfur dioxide dissolves in rain drops and forms sulfurous acid:

(3)  SO2(g) + H2O(l) 
[image: image32.wmf]¾ 

® 

¾ 

  H2SO3(aq)
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In the procedure outlined below, you will first produce these three gases. You will then bubble the gases through water, producing the acids found in acid rain. The acidity of the water will be monitored with a pH electrode.
MATERIALS
	CBL System
	solid NaNO2 

	TI Graphing Calculator
	solid NaHCO3

	Vernier pH Amplifier and pH Electrode
	solid NaHSO3

	Vernier adapter cable
	1 Beral pipet with 1.0 M HCl 

	TI-Graph Link
	3 Beral pipets with a 2-cm stem

	wash bottle with distilled water
	3 Beral pipets with a 15-cm stem 

	100-mL beaker
	utility clamp

	20 X 150 mm test tube 
	tap water

	ring stand
	


PROCEDURE
1.
Obtain three short-stem and three long-stem Beral pipets. Label the short-stem pipets with the formula of the solid they will contain: “NaHCO3”, “NaNO2”, and “NaHSO3”. Label the long-stem pipets with the formula of the gas they will contain: “CO2”, “NO2” and “SO2”. You can use a 100-mL beaker to support the pipets. 
	2.
Obtain a beaker containing solid NaHCO3. Squeeze the bulb of the pipet labeled “NaHCO3” to expel the air, and place the open end of the pipet into the solid NaHCO3. When you release the bulb, solid NaHCO3 will be drawn up into the pipet. Continue to draw solid into the pipet until there is enough to fill the curved end of the bulb, as shown in Figure 1.
3.
Repeat the Step 3 procedure to add solid NaNO2 and NaHSO3 to the other two Beral pipets. CAUTION: Avoid inhaling dust from these solids. 

	
[image: image34.wmf]
Figure 1

	4.
Obtain a Beral pipet with 1.0 M HCl from your teacher. CAUTION: HCl is a strong acid. Gently hold the pipet with the stem pointing up, so that HCl drops do not escape. Insert the narrow stem of the HCl pipet into the larger opening of the pipet containing the solid NaHCO3, as shown in Figure 2. Gently squeeze the HCl pipet to add about 20 drops of HCl solution to the solid NaHCO3. When finished, remove the HCl pipet. Gently swirl the pipet that contains NaHCO3 and HCl. Carbon dioxide, CO2, is generated in this pipet. Place it in the 100-mL beaker, with the stem up, to prevent spillage.
5.
Repeat the procedure in Step 5 by adding HCl to the pipet containing solid NaHSO3. Sulfur dioxide, SO2, is generated in this pipet.
6.
Repeat the procedure in Step 5 by adding HCl to the pipet containing solid NaNO2. Nitrogen dioxide, NO2, is generated in this pipet. When you have finished this step, return the HCl pipet to your teacher. Leave the three gas-generating pipets in the 100-mL beaker until Step 10. 
	
[image: image35.wmf]
Figure 2


 
7.
Prepare the pH system for data collection.

•
Plug the pH amplifier into the adapter cable in Channel 1 of the CBL System. The pH electrode is already connected to the pH amplifier.
•
Use the link cable to connect the CBL System to the TI Graphing Calculator. Firmly press in the cable ends.
	 
8.
Use a utility clamp to attach a 20 X 150 mm test tube to the ring stand. Add about 4 mL of tap water to the test tube. Remove the pH electrode from the pH storage solution, rinse it off with distilled water, and place it into the tap water in the test tube.


9.
Squeeze all of the air from the bulb of the long-stem pipet labeled “CO2”. Keep the bulb completely collapsed and insert the long stem of the pipet down into the gas-generating pipet labeled “NaHCO3”, as shown in Figure 3. Be sure the tip of the long-stem pipet remains above the liquid in the gas-generating pipet. Release the pressure on the bulb so that it draws gas up into it. Store the long-stem pipet and the gas-generating pipet in the 100-mL beaker.


10.
Repeat the procedure in Step 10 using the pipets labeled “NaNO2” and “NO2”.

 
11.
Repeat the procedure in Step 10 using the pipets labeled “NaHSO3” and “SO2”. 
	
[image: image36.wmf]
Figure 3



12.
Turn on the CBL unit and the calculator. Start the CHEMBIO program and proceed to the MAIN MENU.


13.
Set up the calculator and CBL for pH measurement.

•
Select SET UP PROBES from the MAIN MENU.
•
Enter “1” as the number of probes.
•
Select PH from the SELECT PROBE menu.
•
Enter “1” as the channel number.
•
Select USE STORED from the CALIBRATION menu.

14.
Set up the calculator and CBL for data collection.

•
Select COLLECT DATA from the MAIN MENU.
•
Select TIME GRAPH from the DATA COLLECTION menu. Follow the directions on the calculator screen to allow the system to warm up, then press 
[image: image37.wmf]ENTER

.
•
Enter “2” as the time between samples, in seconds.
•
Enter “60” as the number of samples. The CBL will collect data for a total of 2 minutes.
•
Press 
[image: image38.wmf]ENTER

. Select USE TIME SETUP to continue. If you want to change the sample time or sample number, select MODIFY SETUP.
•
Enter “0” as the minimum pH (Ymin).
•
Enter “10” as the maximum pH (Ymax).
•
Enter “1” as the pH increment (Yscl).

15.
Insert the long-stem pipet labeled “CO2” into the test tube, alongside the pH electrode, so that its tip extends into the water to the bottom of the test tube, as shown in Figure 4.

	 
16.
You are now ready to begin monitoring data. Press 
[image: image39.wmf]ENTER

 to begin collecting data. After 15 seconds have elapsed, gently squeeze the bulb of the pipet so that bubbles of CO2 slowly bubble up through the solution. Use both hands to squeeze all of the gas from the bulb. When data collection stops after 2 minutes, press 
[image: image40.wmf]ENTER

 to display a graph of pH vs. time. Examine the data points along the curve. As you move the cursor right or left, the time (X) and pH (Y) values of each data point are displayed below the graph. Determine the initial pH (before CO2 was added) and record this value. Then determine the final pH value (after CO2 was added and pH stabilized) and record this value (round to the nearest 0.01). 


17.
Use the TI-Graph Link cable and program to transfer the graph of pH vs. time using a Macintosh or IBM-compatible computer. Print a copy of the graph.

 
18.
Rinse the pH electrode thoroughly with distilled water and return it to the electrode storage solution. Discard the contents of the test tube as directed by your teacher. Rinse the test tube thoroughly with tap water. Add 4 mL of tap water to the test tube. Place the pH electrode in the test tube and check to see that the input display shows a pH value that is about the same as the previous initial pH. If not, rinse the test tube again.


	
[image: image41.wmf]
Figure 4


 
19.
Press 
[image: image42.wmf]ENTER

, then choose YES to repeat the data collection. Use the same Y-axis settings as in Part I. Repeat Steps 16-19 using NO2 gas. 

 
20.
Press 
[image: image43.wmf]ENTER

, then choose YES to repeat the data collection. Use the same Y-axis settings as in Part I. Repeat Steps 16-19 using SO2 gas. When you are finished, rinse the pH electrode with distilled water and return it to the electrode storage solution. Return the six pipets to the location designated by your teacher.

PROCESSING THE DATA
1.
For each of the three gases, calculate the change in pH (DpH), by subtracting the final pH from the initial pH. Record these values in the Data and Calculations table.
2.
In this experiment, which gas caused the smallest drop in pH?
3.
Which gas (or gases) caused the largest drop in pH?
4.
Coal from western states such as Montana and Wyoming is known to have a lower percentage of sulfur impurities than coal found in the eastern United States. How would burning low-sulfur coal lower the level of acidity in rainfall? Use specific information about gases and acids to answer the question.
5.
High temperatures in the automobile engine cause nitrogen and oxygen gases from the air to combine to form nitrogen oxides. What two acids in acid rain result from the nitrogen oxides in automobile exhaust?
6.
Which gas and resulting acid in this experiment would cause rainfall in unpolluted air to have a pH value less than 7 (sometimes as low as 5.6)?
7.
Why would acidity levels usually be lower (pH higher) in actual rainfall than the acidity levels you observed in this experiment? Rainfall in the United States generally has a pH between 4.5 and 6.0. 
DATA AND CALCULATIONS 
	Gas 
	Initial pH
	Final pH
	Change in pH (DpH)

	CO2
	
	
	

	NO2
	
	
	

	SO2
	
	
	


Name ______________________________________________ date ___________ period ____________
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