
 

      
 
 
 
 
 
 
 

AP Chemistry 
Laboratory Manual 

 
Mr. Davis 

Auburn Riverside HS 
 

 
 
 
 
 



This manual contains the laboratory experiments you will be completing during the 
course of the school year.  It is an ambitious schedule, but one that the College Board 
deems necessary for you to get the best Advanced Placement Chemistry experience.  The 
College Board publishes a list of required laboratory topics and this compilation of labs is 
designed to meet those requirements.  The experiments are in order according to the 
schedule included in your syllabus.  The laboratories in this manual are taken from the 
following sources: 
 
Nelson, John H and Kemp, Kenneth C. Laboratory Experiments. Upper Saddle River, NJ: 
Prentice Hall, Inc, 2000 
 
Hollenberg, J Leland, et al.  Chemistry in the Laboratory. New York: Freeman Press, 
2000 
 
Flinn Scientific Spectrophotometer Laboratory Manual. Flinn Scientific, 1994 
 
To achieve the ideal lab experience, you will need to be here for all of the experiments 
and will need to complete the post lab write up.  You will have adequate time to complete 
everything and labs will be discussed in class before and after the experiment is run.   
 
SAFETY:  The chemistry laboratory is a place where you will be using compounds that 
may have adverse reactions to your skin, a place where you will be working with flames, 
hot glassware, and vigorous reactions.  To ensure your safety, it is absolutely required 
that you wear safety glasses during every experiment.  Failure to do so will result in 
a grade of “F” or no credit for the lab and no chance of making it up.  Your eyes are 
far too valuable to you and your future and glasses are provided to protect them.  You 
will also have the option to use aprons and, for certain experiments, protective gloves.  
You will need to know where the eyewash station, the shower, and the fire extinguisher 
are located and how to use them. 
 
Food and Drink:  Washington State law says that no food or drink may be consumed in 
the chemistry laboratory.  Do NOT bring any food into the classroom.  Drinks (your own 
container) must be left at your desk and not consumed during the laboratory period. 
 
  
 
 
 
 
 
 
 
 
 
 
 



Table of Contents 
This is by order, not by page 

1. Periodic Table 
2. Ion Sheet 
3. The Solubility Rules 
4. Lab Safety 
5. Glassware 

 
List of Lab Experiments 

1. Laboratory Techniques 
2. Identification of Substances by Physical Properties 
3. Separation of the Components of a Mixture 
4. Paper Chromatography: Separation of cations and dyes 
5. Analysis of Analgesics: Thin Layer Chromatography 
6. Chemical Formulas 
7. Chemical Reactions 
8. Water of Crystallization: Formula of a hydrate 
9. Chemical Reactions of Copper and Percent Yield 
10. Activity Series 
11. Reactions in Aqueous Solutions: Metathesis 
12. Chemicals in Everyday Life 
13. Heat of Neutralization 
14. Gravimetric Analysis: Determination of Phosphorus in Plant Food 
15. Introduction to Spectrophotometry 
16. Search for the Copper Ion 
17. Molecular Geometry of Covalent Molecules 
18. Molar Mass of a Vapor 
19. Determination of R: the Gas-Law Constant 
20. Colligative Properties 
21. Rates of Reaction I: A Clock Reaction 
22. Colormetric Determination of an Equilibrium Constant 
23. Chemical Equilibrium: LeChatelier’s Principle 
24. Titration of Acids and Bases 
25. Determination of the Dissociation Constant of a Weak Acid 
26. Hydrolysis of Salts 
27. Introduction to Quantitative Analysis 
28. Preparation and Reactions of Coordination Compounds 
29. Oxidation-Reduction Titrations I: Determination of Oxalate 
30. Electrolysis, the Faraday, and Avogadro’s Number 

 







 
Positive Ions – Cations 

1+ 2+ 3+ 4+ 
Ammonium NH4

+ Barium Ba2+ Aluminum Al3+ Carbon C4+

Cesium Cs+ Beryllium Be2+ Antimony (III) Sb3+ Lead (IV) Pb4+

Copper (I) Cu+ Cadmium (II) Cd2+ Bismuth (III) Bi3+ Silicon Si4+

Gold (I) Au+ Calcium Ca2+ Chromium (III) Cr3+ Tin (IV) Sn4+

Hydrogen  H+ Chromium (II) Cr2+ Cobalt (III) Co3+   

Lithium Li+ Cobalt (II) Co2+ Gallium Ga3+ 5+ 
Potassium K+ Copper (II) Cu2+ Gold (III) Au3+ Antimony (V) Sb5+

Rubidium Rb+ Iron (II) Fe2+ Iron (III) Fe3+ Bismuth (V) Bi5+

Silver Ag+ Lead (II) Pb2+ Manganese (III) Mn3+   
Sodium  Na+ Magnesium Mg2+ Nickel (III) Ni3+   

  Manganese (II) Mn2+     
  Mercury (I) Hg2

2+     
  Mercury (II) Hg2+     
  Nickel (II) Ni2+     
  Strontium Sr2+     
  Tin (II) Sn2+     
  Zinc Zn2+     

 
Negative Ions – Anions 

-1 -2 -3 -4 
 Acetate CH3COO- Carbonate CO3

2- A. Arsenide As3- A. Carbide C4-

Bromide Br- Chromate CrO4
2- B. Nitride N3-   

Chlorate  ClO3
- Dichromate Cr2O7

2- C. Phosphate PO4
3-   

Chloride Cl-  Monohydrogen 
Phosphate 

HPO4
2- Phosphide P3-   

Chlorite ClO2
- Oxalate C2O4

2- Phosphite PO3
3-   

Cyanide CN- Oxide O2-     
Dihydrogen 
phosphate 

H2PO4
- Peroxide O2

2-     

Fluoride F- Selenide Se2-     
Hydride H-

 Silicate SiO3
2-     

Hydrogen 
carbonate 

HCO3
- Sulfate SO4

2-     

Hydrogen sulfate HSO4
- Sulfide S2-     

Hydrogen sulfide HS- Sulfite SO3
2-     

Hydrogen sulfite HSO3
- Telluride Te2-     

Hydroxide OH- Thiosulfate S2O3
2-     

Hypochlorite OCl-       
Iodate IO3

-       
Iodide I-       
Nitrate NO3

-       
Nitrite NO2

-       
Perchlorate ClO4

-       
Permanganate MnO4

-       
Thiocyanate SCN-       

 
 



The Solubility Rules 
 

1. The nitrates, nitrites, chlorates, and acetates of all metals are soluble in water.   
a. Silver acetate, silver nitrite, and potassium perchlorate are sparingly soluble. 

  
2. All sodium, potassium, and ammonium salts are soluble in water. 

 
3. The chlorides, bromides, and iodides of all metals EXCEPT lead, silver, and mercury (I) 

are soluble in water. 
a. HgBr2 is moderately soluble. 
b. PbCl2, PbBr2, and PbI2 are soluble in hot water. 
c. The water insoluble chlorides, bromides, and iodides are also insoluble in dilute 

acids. 
 

4. The sulfates of all metals except lead, strontium, mercury (I), and barium are soluble in 
water.   

a. Silver sulfate and calcium sulfate are slightly soluble. 
b. The water insoluble sulfates are also insoluble in dilute acids. 

 
5. The carbonates, phosphates, borates, sulfites, chromates, and arsenates of all metals 

EXCEPT sodium, potassium, and ammonium are insoluble in water, but soluble in dilute 
acids.   

a. MgCrO4 is soluble in water. 
b. MgSO3 is slightly soluble in water. 

 
6. The sulfides of all metals except lithium, barium, calcium, magnesium, potassium, 

sodium, and ammonium are insoluble in water. 
a. BaS, CaS, and MgS are sparingly soluble. 

 
7. The hydroxides of lithium, potassium, sodium, and ammonium are very soluble in water. 

a. The oxides and hydroxides of calcium, strontium, and barium are moderately 
soluble. 

b. The oxides and hydroxides of all other metals are insoluble. 
 
 











































































The Separation of a Mixture into Pure Substances 
 
 The experiment is designed to familiarize you with some standard 
chemical techniques and to encourage careful work in separating and weighing 
chemicals. 
 
 In this experiment you will separate a mixture of three substances, sodium 
chloride (NaCl), benzoic acid (C6H5COOH), and silicon dioxide (SiO2) , into pure 
substances based on their solubility in water.  The amount of a substance that 
will dissolve in water depends on the nature of the substance and on the 
temperature.  Water is a polar substance so other polar substances will dissolve 
in water - (“Likes dissolve Likes”).  Sodium chloride is an ionic compound that is 
quite soluble in water.  Silicon dioxide (sand) is a large macromolecule that is 
essentially insoluble in water.  Benzoic acid is polar, but is much less polar than 
water so it dissolves in water only to a limited extent.  The solubility of these 
three substances in water is given below.  The solubility of each is expressed in 
terms of grams of the solid that dissolves in 100 g of water.  It is evident that 
each of these has a different solubility/temperature relationship. 

Solubility (g/100g H2O) as a Function of Temperature 
   Temperature     

Substance   0    20   40   60   80  100 
 
NaCl          36.00  36.00          37.00   37.00  38.00  40.00 
C6H5COOH 0.17    0.29  0.42     1.20    2.80     7.00 
SiO2   0      0    0       0      0    0   
 
 In this experiment you will use decantation and two types of filtration.  
Decantation is a process of separating a liquid (called supernatant) from a solid 
residue by gently pouring off the liquid from the solid.  It is easier to decant when 
you pour the liquid down a stirring rod as shown in the procedure section.  
Filtration separates a solid and a liquid using a porous material such as filter 
paper which allows the liquid to pass but retains the solid.  Gravity filtration uses 
the force of gravity to achieve separation.  Vacuum filtration uses the suction 
created by an aspirator to speed up the separation. 
 
Materials List:  250 mL beakers   mixture wire screen ring stand 
 Burner stirring rod  ice bath drying oven  
 Buchner funnel boiling chips spatula watch glass 
 
Procedure: 

1. Carefully weigh a clean dry 250-ml beaker (beaker 1) to the nearest 
.001 gram.  Using a spatula, transfer about 5 to 6 grams of the mixture, 
which contains sodium chloride, benzoic acid, and silicon dioxide into 
beaker 1.  Be sure to record which unknown you have.  Weigh beaker 
1 containing the mixture to the nearest 0.001 g.  From the two weights, 
obtain the weight of the mixture.  Record your results on the data 



sheet. 
 
2. Add about 50 ml of distilled water to beaker.  Place beaker 1 with its 

contents on a wire screen, which is resting on an iron ring connected to 
a ring stand.  See the diagram below: 

 
 
 
     
 
 
 
 
 
 

3. Heat the mixture to the boiling point  
    (stop heating when boiling is observed), 

and stir the mixture with a stirring rod to  
make sure that all soluble material is  
dissolved.  At the boiling point temperature,  
all benzoic acid and sodium chloride should  
be in solution.  Thus, they have been separated from sand. (This is an 
extraction process.)  Take about 15 ml of distilled water in a beaker 
and bring it to a boil.  This boiling water will be used in step 5. 

 
4. Decant the liquid while it is hot into another 250 ml beaker (beaker 2).  

Use Hot Hands to hold the hot beaker.  Do not let the sand get into 
beaker 2 or wait too long before decanting.  Use a glass rod to aid the 
decantation process.  See figure below: 

 
 
 
     
 
 
 
 
 
 
 
 
 
 

5. To dissolve as much benzoic acid and sodium chloride as possible, 
wash the sand in beaker 1 with about 10 ml or less of boiling water and 
decant the washing into beaker 2. 



 
6. Place beaker 2 in an ice bath to let it cool.  Observe carefully how the 

benzoic acid crystallizes out of the solution.  Set beaker 2 aside to 
ensure maximum crystallization. 

7. Place your beaker of sand in the drying oven so that it can dry 
completely before weighing.  Make sure you mark the beaker with a 
grease pencil so you can identify it with your initials or some other 
mark.  Leave the beaker in the oven until you have finished the rest of 
the lab to insure it is fully dried.  When you take it out of the oven let it 
cool, and weigh.  You should move on to the next step and come back 
to weigh the beaker at the end of the experiment. 

8. Assemble the Buchner funnel with a filter flask.  See the figure below. 

 
 
 
9. Connect a piece of vacuum rubber tubing from the water aspirator to 

the filter flask.  Vacuum rubber tubing is used so that it will not collapse 
when the pressure is reduced. 

 
10. Place the proper size of filter paper in the Buchner funnel and wet it 

with distilled water using a wash bottle.  This allows the filter paper to 
sit down on the grating.  Make sure to weigh your filter paper before 
doing so. 

 
11. Turn on the water aspirator.  Make sure to turn it on just enough to 

have proper suction occurring. 
 
12. Pour the contents of beaker 2 (benzoic acid crystals) into the Buchner 

funnel. 
13. Wash the solid (benzoic acid) with about 5ml or less of distilled ice 

water to ensure that the benzoic acid is free of sodium chloride. 
 



14. Continue to suction until the liquid no longer drips from the funnel. 
 
15. Disconnect the rubber tubing from the filter flask before turning off the 

water aspirator.  This prevents the water from backing up into the filter 
flask.  The filtrate (the liquid collected) is often the desired material. 

 
16. Using a spatula transfer the suction dried benzoic acid onto a pre-

weighed marked watch glass.  Place the filter paper and watch glass 
into the drying oven for a few minutes to dry.  When dry, take it out and 
let it cool before weighing. 

 
17. To a large beaker add three or four pieces of black boiling chips.  Then 

weigh the beaker to the nearest 0.001g. 
 
18. Transfer the filtrate (liquid) from the filter flask into the large beaker 

you just weighed in #17.  Using a wash bottle rinse the filter flask with 
as little water as possible.  Add the washings to the beaker.  Place the 
beaker (which now contains sodium chloride and water) on a wire 
screen, which is resting on a iron ring.  Start to heat the solution gently 
with a burner so that the liquid does not boil over.  Later, reduce the 
flame to avoid overheating, which may cause splattering of solid 
sodium chloride or shatter your beaker.  When the water is evaporated 
entirely, let the sodium chloride dry, and the beaker cool before 
weighing.  Weigh the beaker and its contents to the nearest .001 g and 
calculate the weight of sodium chloride.  

 
19. Calculate the percentage of each substance in the mixture by using 

the following formula: 
 %component = grams of component (salt or benzoic acid or sand)  x 100 
      Total grams of mixture 



       Name:     
       Lab Partner's Name   
       Date:     
 
REPORT SHEET: SEPARATION OF A MIXTURE 
 
A. Record Identity of unknown       
1. Weight of beaker 1         
2. Weight of beaker 1 and mixture       
3. Weight of mixture          
4. Weight of beaker 1 and dry sand       
5. Weight of dry sand         
6. Weight of filter paper         
7. Weight of watch glass         
8. Weight of watch glass, filter paper, and benzoic acid.    
9. Weight of benzoic acid          
10. Weight of large beaker and boiling chips      
11. Weight of beaker, boiling chips and sodium chloride    
12. Weight of sodium chloride        
13. Percentage of sand in mixture        
14. Percentage of benzoic acid in mixture      
15. Percentage of sodium chloride       
16. Total percentage of sample recovered      
 
QUESTIONS: 
1. Based on the data provided in the introduction, graph the solubility of benzoic 

acid as it changes with temperature. 
 
2. From your graph, determine the number of grams of benzoic acid that will 

dissolve in 100 grams of water at 25 degrees C. 
 
3. If a solution is made up by mixing 6.0 g of benzoic acid in 1.00 L of water at 42 

degrees C, would the solution be saturated?  Would you expect to see solid on 
the bottom of the container? 

 
4. From an 11.65 g sample containing sodium chloride, benzoic acid, and silicon 

dioxide, 3.64  g of NaCl, 1.56 g of C6H5COOH  and 5.92 g of SiO2, were 
recovered.  Calculate the percentage of sodium chloride in the sample. 

 



















Analysis of Analgesics   
 

 Analgesics are drugs used for pain relief.  A common example is aspirin.  Since 
these drugs are so readily available, it is not uncommon for persons to suffer overdoses 
(either intentional or unintentional.)  When a person is admitted to the hospital 
emergency room with a drug overdose, it is necessary to identify the drug in order to 
provide appropriate treatment.  This analysis can be done on a blood sample.  The same 
technique can be used to study the drug directly, as we will do in this experiment. 
 
 Analgesic tablets of many different types are available.  These may contain one or 
more of the following compounds:  aspirin (acetylsalicylic acid), phenacetin (p-
acetophenotidin), acetaminophen (4-acetamidophenol) and caffeine.  The following table 
shows the ingredients of several different types of analgesic tablets. 

 
Ingredients of Some Analgesic Tablets 

 
Brand Aspirin Phenacetin Acetominophen Caffeine 
Anacin + - - + 

Anacin-3 - - + + 
Bayer Aspirin + - - - 
Revco APC + + - + 

Excedrin + - + + 
Tylenol - - + - 

      
 
 Since different types of analgesics contain different ingredients, it is possible to 
identify a tablet by determining its active constituents.  This can be fairly easily done by 
using the technique of thin-layer chromatography. (TLC)  This technique can be used in 
many other applications as well.  Like all chromatographic techniques, TLC involves a 
mobile phase and a stationary phase.  The stationary phase in this case is a plate coated 
with silica gel.  When one end of this plate is placed in a solvent, (the mobile phase), the 
solvent travels up the plate (in the same manner that water is drawn up a piece of paper 
by capillary action).  In TLC, a small amount of the sample is placed on the plate and the 
solvent is allowed to travel up the plate.  As the solvent moves, it carries the constituents 
of the spot with it, but carries some of them further than others.  In general, the more 
attracted one constituent is to the solvent, the further it will move. 
 When the TLC plate is placed in the solvent, it is important to have the spots 
above the level of the solvent.  It is also necessary to remove the plate from the solvent 
before the solvent reaches the top of the plate. 
 If TLC is performed on colored substances, colored spots appear on the 
chromatogram.  The compounds that you are studying in this experiment are all colorless 
so a slightly different technique is used.  The stationary phase is coated with silica gel 
that has been impregnated with a fluorescent indicator.  When your finished 
chromatogram is viewed under UV light it will be colored everywhere except where the 
constituents of the analgesic tablets are present. 
 For this analysis you will compare the components of your tablet with standard 
solutions (0.1 g/ml) of aspirin, phenacetin, acetaminophen, and caffeine.  Each of these 
solutions will be spotted on your plate along with a solution of your tablet.  When the 



plate is developed, each compound will have traveled a different distance and will be 
separated on the plate.  If there is a spot from your tablet at the same distance from the 
bottom as the spot for acetaminophen, for example, you can tell that acetaminophen is 
present in your analgesic tablet. 
 
Procedure: 
 Obtain a TLC plate that is about 5 cm by 12 cm. 
 Prior to putting your sample on the TLC plate it is necessary to separate the 
analgesics and caffeine from the binders and inorganic components of the tablet.  Using a 
clean mortar and pestle, grind the tablet into a fine powder.  Transfer the powder to a 
piece of weighing paper.  Loosely block the narrow end of a Pasteur pipet with a small 
amount of glass wool.  Pour the powder into the pipet.  Slowly add 5 ml of methanol, 
dropwise to the top of the pipet and collect the solvent as it flows through the pipet. 
 Place small spots of your tablet sample and of the four standard solutions on your 
TLC plate as demonstrated by your instructor.  It is important to keep the spots of sample 
as small as possible.  With a pencil, mark five equal spaces about 5 mm from the bottom 
of the plate.  Be sure to record in your lab notebook which spot is which.  When all five 
spots have been placed on the TLC plate, view the plate under UV light.  All five spots 
should appear dark.  If they do not, add more solution to those spots. 
 An 800 ml beaker will be used as a developing tank.  The developing solvent in 
this experiment is ethyl acetate.  Place enough solvent in the tank so that the depth is 
about 3 mm.  Place the TLC plate in the developing tank with the dull side facing up.  
Make sure that the solvent does not cover the sample spots.  Let the plate remain in the 
tank until the solvent level nearly reaches the top of the plate.  At this time, remove the 
plate and mark the position of the solvent front.  This must be done right away as the 
solvent will dry very quickly and the line will disappear. 
 Let the developed plate dry for several minutes and then view the plate under UV 
light.  The compounds will appear as dark spots on a light background.  With a pencil, 
draw a circle around each spot.  Compare the position of the components of the unknown 
sample to the position of the spots for the standards to determine which compounds are in 
the unknown.  
 On your data sheet, draw a representation of your developed TLC plate and label 
the spots.  Once you have identified the components of your tablet, determine the brand 
of the analgesic tablet. 



Report Sheet:     Name: ______________________________ 

Analysis of Analgesics   Partner’s Name: ______________________ 

            Date: _________________ 

 
 

1. What is the identity of your unknown analgesic? 
 
 

2. Write out the structures of the four possible compounds and identify the 
functional groups present in each: 

 
 a. aspirin (acetylsalicylic acid acetate) 
 
 
 
 
 
 
 
 b. phenacetin (p-acetophenotidin) 
 
 
 
 
 
 
 
 c. acetaminophen (4-acetamidophenol) 
 
 
 
 
 
 
 
 d. caffeine 
 
 
 
 
 
 
 
 



3. Using the Merck Index, or other appropriate resources, determine the LD50 of 
each compound in question 2 (if more than one type of animal is given, chose one 
and label the value accordingly).   

 
 
 
 
 
 
 
 
 
 
 

4. What is meant by LD50? 
 
 
 
 
 
 
 
 

5. Assuming that the LD50 for humans for aspirin is the same as that given in the 
Merck Index for mice, calculate how many 325 mg aspirin tablets would be 
necessary to reach the LD50 for someone who weighs 150 pounds. 
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