MRS. BROWN’S TYPES OF CHEMICAL REACTIONS LAB
Name _______________________________________ Date ___________ Period ________
Pre-Lab Discussion

There are many kinds of chemical reactions and several ways to classify them.  One useful method classifies reactions into six major types.  These are: 

1. synthesis

2. decomposition
3. single replacement

4. double replacement
5. acid- base neutralization
6. combustion

As is the case with all of our general rules, not all reactions can be put into one of these categories, but many can and this helps us predict the outcome of most reactions, which is not only awesome but very important. 
In a synthesis reaction, two or more substances (elements or compounds) combine to form a more complex substance.  Equations for synthesis reactions have the general form  A  +  B  →  AB.  For example, the formation of water from hydrogen and oxygen is written  2H2  +  O2  →  2H2O. We won’t see this reaction because it requires a crazy amount of energy. Want to know more? Read The Martian by Andy Wier. 
 A decomposition reaction is the opposite of a synthesis reaction.  In decomposition, a compound breaks down into two or more simpler substances (elements or compounds).  Equations for decomposition reactions have the form  AB  →  A  +  B.  The breakdown of water into its elements is an example of such a reactions:  
2H2O  →  2H2  +  O2. One day we may see this in class (hopefully)!
 In a single replacement reaction, one substance in a compound is replaced by another, more active, substance (an element).  Equations for single replacement reactions have two general forms.  In reactions in which one metal replaces another metal, the general equation is X  +  YB  →  XB  +  Y.  In those in which one nonmetal replaces another nonmetal, the general form is X  +  AY  →  AX  +  Y.  The following equation illustrates this types of reaction:


Zinc metal replaces copper (II) sulfate ion:



Zn(s)  +  CuSO4(aq)   →   ZnSO4(aq)  +  Cu(s)

In a double replacement reaction, the metal ions of two different ionic compounds can be thought of as “replacing one another.”  Equations for this type of reaction have the general form AB  +  CD  →  AD  +  CB.
Most replacement reactions, both single and double, take place in aqueous solutions containing free ions.  In a double replacement reaction, one of the products is sometimes a precipitate, an insoluble gas, or water.  An example is the reaction between silver nitrate and sodium chloride in which the precipitate silver chloride is formed:



AgNO3(aq)  +  NaCl(aq)   →   AgCl(s)  +  NaNO3(aq)

 A special type of double replacement reaction is an acid-base neutralization. That's because the reaction produces neutral products from an acidic and basic compound. Water is always one product, and a salt is also produced. 

All of the types of reactions discussed here may be represented by balanced molecular equations.  Remember, in a balanced equation, the number of atoms of any given element must be the same on both sides of the equation.  Multiplying the coefficient and the subscript of an element must yield the same result on both sides of the balanced equation.
Equipment for 4 lab stations (x2 for 8):
Bunsen Burner




4 wood splints


Lighter (2)
Crucible tongs




evaporating dish

Well Plate
Scoopula (2) 




Paper Towels


test tube (2)


Test Tube Stopper



test tube holder


test tube rack
250 mL beaker (2)
REACTANTS and CATALYSTS:
*1 M copper (II) sulfate (CuSO4)
*3% H2O2



*Manganese (IV) Oxide (MnO2(s)) *magnesium ribbon, 2.5 cm (Mg)
*0.1 M copper (II) chloride (CuCl2)
*0.1 M sodium hydroxide (NaOH)



Safety:  
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        Fire Hazard                 Toxic/ Health Hazard

Toxic/Fume Hazard
· Procedure: You and your group of 4 will rotate through each station. I have set up two versions: an A and B version. After 5 minutes I will have each group switch stations. Do not move ahead and do not mess around at your stations. No mad science-ing. Do only what is instructed. 
· ONLY ONE PERSON PER GROUP MAY PERFORM EACH EXPERIMENT. We are performing some dangerous chemistry and working with very hazardous materials in class today. GOGGLES MUST STAY ON FACES!!!! NO HORSEPLAY!!!!

· Please do not play with your phones or handle anything carelessly. You do not want to take these chemicals with you or put them in your mouth. After lab you will wash your hands thoroughly.  
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STATION 1a and 1b- SYNTHESIS        

1. Place an evaporating dish near the base of the burner.  Get a piece of magnesium from your teacher.  Examine a piece of magnesium ribbon and record the observations of the reactant.  
2. Using crucible tongs, hold the sample in the burner flame until the magnesium starts to burn.   DO NOT LOOK DIRECTLY AT THE LIGHT.  HOLD THE BURNING MAGNESIUM AWAY FROM YOU AND DIRECTLY OVER THE EVAPORATING DISH.  When the ribbon stops burning, put the remains in the evaporating dish.  Examine this product carefully and record your observations. 
3. Clean the dish by dumping the product in the drain and wiping the dish clean. 

The unbalanced equation for this reaction is as follows:

Mg (s) + O2 (g) ( MgO (s)
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STATION 2a and 2b- DECOMPOSITION

1. Add 10 ml of 3% H2O2 to a test tube.

2. Add an extremely small scoop of MnO2 to the test tube. This is a catalyst and does not actually participate in the reaction. It only speeds it up!

3. As the reaction occurs, light a wood splint with the lighter and allow it to burn freely for about 5 seconds.  

4. FIRST Blow out the flame and THEN place the glowing splint into the test tube. 

5. Record your observations. (A re-ignition of the flame indicates the presence of oxygen gas.)

6. Dump the contents of the test tube down the drain and rinse the tube. Place upside down on the test tube clamp for the next group. 

The unbalanced equation for this reaction is as follows:

H2O2 (l) ( H2O (l) +  O2 (g)
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STATION 3a and 3b- SINGLE REPLACEMENT   
1. Add about 5 ml of Copper (II) Sulfate solution to a clean test tube (about half full). Record your observations about this reactant. 
2. Get a small scoop of iron filings to the test tube. Record your observations about this reactant.

3. Add the filings to the test tube, place a stopper on the test tube and shake for ~60 seconds. Place the test tube back in the rack and after about 2 minutes observe and record your observations about the products in the table. Be sure to note any changes in the color of the solid and the solution!

SAFETY CONCERNS- Copper (II) sulfate (pentahydrate) is a skin and respiratory irritant. It is toxic by ingestion and inhalation (LD50 300 mg/kg). Do not to ingest any of the materials, use them only in the manner for which they are intended, and wash their hands thoroughly after use. 
4. Dump the resulting products (including the solid metal) into the large waste beaker, thoroughly rinse the test tube and place as dry as possible in the rack for the next group. 
The equation for this reaction is as follows:

CuSO4 (aq) + Fe (s) ( FeSO4 (aq) +  Cu (s)


STATION 4a and 4b- ACID- BASE NEUTRALIZATION      




1.  Add about 20 drops of 1 M NaOH to a small test tube.

2. Add 1 drop of phenolphthalein indicator to the test tube and mix gently by swirling the tube. Phenolphthalein is an acid-base indicator. 

3. Add about 1 drop of 1 M HCl to the test tube one drop at a time to the test tube. Count the number of drops of acid required for a permanent color change. 
4. Dump the product into the drain and clean the tube. Wipe dry for the next group. 

The balanced equation for this reaction is as follows:

HCl(aq) + NaOH (aq) ( H2O (l) +  NaCl (aq)
STATION 5a and 4b- DOUBLE REPLACEMENT      




1.  Add about 5 drops of 0.5 M  Copper (II) Chloride (blue solution) to a clean well plate. Record your observations about the solution. 

2. Add about 2 drops of 0.5 M  Sodium phosphate  (clear solution) to the test tube.  Record your observations about the product. 

3. Dump the product into the drain and clean the plate thoroughly. Wipe dry for the next group. 

The unbalanced equation for this reaction is as follows:

CuCl2 (aq) + Na3PO4 (aq) ( Cu3(PO4)2 (s) +  NaCl (aq)

DATA TABLE



Sample

    Before reaction


    After reaction

A.  Synthesis



B.  Decomposition

C.  Single Replacement
 

D.  Acid-Base Neutralization


E. Double Replacement

ANSWER THE POST LAB QUESTIONS BELOW:
1. Two of our equations were not balanced. Below write the balanced the equations for station 1, 2 and station 4. 

· Station 1 balanced reaction:
· Station 2 balanced reaction:

· Station 5 balanced reaction: 
2. What is the name of the product produced in the synthesis reaction? Hint: This is a simple ionic compound. _________________________________
3. Describe the test used to identify oxygen gas in the decomposition reaction. Oxygen gas is highly flammable. Why do you think we use a glowing splint rather than a splint with a flame? 
4. The manganese (IV) oxide was described as a catalyst. Define the term catalyst and explain why this material was not included as a reactant in the decomposition reaction.

5. The single replacement reaction you observed is a special type of single replacement reaction called an “oxidation-reduction” reaction. In these reactions, the oxidized element loses electrons (and becomes a cation) and the reduced element gains electrons. Which element do you think was oxidized in this reaction, the copper or the iron? Which was reduced? Explain your choice.
6. The acid-base reaction began with a basic solution. What color is our indicator in a basic solution? What color is it in a neutral solution? 

7. This double displacement reaction was also called a “precipitation reaction”, in which a solid and relatively insoluble ionic salt (yes, some ionic compounds are so weakly soluble that they are almost insoluble!) precipitated out as a solid from the solution mixture. Which product do you think is the precipitate (the solid that formed) in this reaction; the Cu(OH)2 or the NaCl? Explain your choice. 

8. Some reactions absorb energy (endothermic) and some reactions release energy (exothermic). When reactions absorb energy, they often feel cold to us. When reactions release energy they feel warm. Although you couldn’t touch the reaction, do you think you saw any examples of endothermic or exothermic reactions in lab today? Explain. 

9. A fifth type of reaction was listed in the intro but we did not explore it in class today. This type of reaction is called a combustion reaction. Two examples are listed below: 

a. CH4 + 2 O2 → CO2 + 2 H2O + heat         

 CH4 is methane.
b. C2H5OH + 3 O2 → 2 CO2 + 3 H2O + heat         
 C2H5OH is ethanol (grain alcohol). 
Based on these examples, what two compounds seem to be the common products of combustion?

10. There were SEVERAL examples of combustion in class today (even if they weren’t pointed out). Do some research and list one possible example of combustion we observed in class today. Be sure to include a BALANCED equation!
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