CHEMISTRY 




NAME ______________________________________

LAB - TYPES OF REACTIONS


LAB 11
Objective:  The objective of the lab is to study the types of reactions.  When 2 or more substances combine a chemical reaction may occur.  These reactions can be classified in a variety of ways.  These  ways are:

combustion


synthesis (composition)


decomposition

disassociation


single replacement



double replacement

Each reaction has a certain system or pattern that you can look for.   This pattern will be explained in the description for each reaction in this lab.  These pattern help chemists explain, describe and understand chemical reactions and predict what products will form from them.

COMBUSTION:

A combustion reaction is one that reacts with oxygen.  It usually involves a burning of the substance such as in the combustion of gasoline.   A  very important type of combustion reaction are ones that involve compounds called hydrocarbons.  These are compounds that contain hydrogen and carbon.  These compounds are found in many places and some of the more important ones are octane (gasoline)  C8H18 ,    methane (natural gas) CH4 ,   and propane (gas grills) C4H10  ,   Related compounds include alcohols which behave in a similar fashion.   Alcohols contain oxygen as well as carbon and hydrogen.     A general form for the reaction is as follows:

CxHy   +  O2  (   H2O  +   CO2 
The letters x and y change according to the   hydrocarbon and  the products are always carbon dioxide and water.  

For an alcohol the formula changes only slightly to the following:

CxHyOH     +  O2  (   H2O  +   CO2     
The products are still carbon dioxide and water.
SYNTHESIS OR COMPOSITION:


A synthesis reaction is one that takes two or more substances (usually elements) and makes one substance as a product.  A general form of this reaction is as follows:

A + B ( C    This is a common way to make simple binary compounds; that is,  compounds that are made up of only two ions.  Examples of this are NaCl,  MgO,  KBr,  and H2O.

DECOMPOSITION:

A decomposition reaction is one in which one compound is broken down to 2 or more compounds.  

This type of reaction is important in obtaining elements that are too reactive to be created naturally. 

This type of reaction is how we obtain sodium and potassium for example.  Both of these two elements are very reactive with water, so early rainfalls when the earth was young would have caused these chemicals to react.  A general form of this reaction is as follows:

A ( B + C    As you can see there is only one reactant in this reaction.  
More than one product is formed.    

DISSOCIATION:

A dissociation reaction is one that forms ions.  If a molecule is made up on ions it might be able to be dissolved in water. Table salt (NaCl) is an example of a compound that is easily split into the Na+1 and the Cl -1 ions that make it up.   Ions are charged particles that are very much similar to an electric current.  In biology, when you learned that the nerves in your body work by sending small electric currents, this is because of Calcium ions (+2) and Potassium ions (+1).  These ions are important and that is why sports drinks like Gatorade and Powerade put in these ions because if you sweat them out while playing sports, you can’t function as well.  Bananas for instance, are a great source of potassium and that is why athletes are encouraged to eat them.  Proper ion balance will reduce cramping of the muscle.   When salt is put in water it dissolves into sodium and chloride ions that are too small to be seen.   However, the effect can be seen by observing any electric current that can be produced. This is a common test to see if a material is an electrolyte (a compound that can be split into ions) or not.   A general form of this reaction is as follows:

AB (  A+ + B-     An actual example would be:   NaCl (  Na+ + Cl-      

SINGLE REPLACEMENT:

A single replacement reaction is one in which one element replaces another one in a compound.  The two ions switching places must both be positive or both are negative.  This is the only way that the compound will form.  If a positive switches with a negative that would mean that the compound would have two positive ions and that cannot happen.  This type of reaction is a good way to isolate an element that might not be easy to obtain otherwise.  A general form of this reaction is as follows: 

AB + C (  CB +  A     Lets take a closer look at this to see what is taking place.  An

actual example of a real reaction could be the following.

CuSO4 + Zn (  Cu +  ZnSO4   Here we see that the Zinc which will obtain a positive charge.  Recall that all metals are positive.

The zinc is replacing the copper ions to change copper (II) sulfate to zinc (II) sulfate.  When this reaction is complete you will see copper metal deposited at the bottom of the beaker.   The reaction occurs because   each element has a certain activity associated with it.  Some elements want to form compounds with other elements more than others.  The more active the metal, the more that they want to form a compound.   It is very difficult to know by just looking form the periodic chart which elements are going to be more active than others.   With this in mind an ACTIVITY SERIES has been developed to show which elements are more active than others.   The way that an activity series works is that the elements higher on the chart are going to replace any elements that are lower on the chart.   The element Lithium is on the very top of the chart.  It is the most active metal.  Lithium will replace any other element if it is involved in a chemical reaction.  Gold is at the bottom of the chart which means that it is very inactive, it doesn’t want to form compounds with other ions and it would rather remain in its pure elemental form.  This is a major reason that gold is so valuable.  People wouldn’t spend a lot of money on gold jewelry if it is going to react with other substances.  Imagine an iron bracelet.  You know that it would tarnish or rust in not too long of a time period.   Gold doesn’t tarnish because it doesn’t want to react with anything.   

DOUBLE REPLACEMENT:

A double replacement is one that has two compounds, each one made up of ions.  The ions change places so that the cation (positive ion) of the first compound matches up with the anion (negative ion) of the second compound.   You could say that the ions switch partners.  A general form of the reaction is as follows:

AB(aq) + CD(aq) (  AD(?) + CB(?)    The question marks for the phase of the products are there because some materials dissolve more than others and 
just because AB and CD dissolved in water doesn’t mean that the products will dissolve.  They might 

but we can’t be sure until we check out their solubility.  Solubility means able to be dissolved. Not

everything dissolves in water and of the substances that dissolve, they don’t all dissolve at the same 

rate.  You need to check a solubility chart to see if the products will dissolve.  While this won’t change 

how you will  balance the reaction, it is very important if it is soluble because that will determine how you go about isolating the product.  For example, if after you check out the solubility chart you find out that one of the products is soluble, lets say AD;  and that the other product (CB) is not soluble, you would write out our general form this way:

AB(aq) + CD(aq) (  AD(aq) + CB(s)  
The (aq) means that the material is soluble.  It is dissolved in water and that is 

called aqueous.  The material hasn’t yet formed, it is ions floating around.  Think of salt water, when you put salt in water it dissolves in.  You can’t see the salt, but if you let the water evaporate you would get a salt residue in the beaker.  The (s) means that the material is not soluble or insoluble.  Sand is an insoluble material.  If you would put some sand in a beaker of water it would not dissolve.  Just putting something in a beaker of water doesn’t make it soluble, it only makes it wet.  We would have wet sand, but we would not have a sand solution.  This solid material will usually settle to the bottom of the beaker if you give it time to settle and then it can be isolated by filtering it out.   The material that is in solution (aqueous or soluble) could then be isolated by letting the water evaporate or you can quicken the process by boiling the water away.   You should know already that you can dissolve more material in a gallon of water than in a cup of material.  This means that as you boil off the water (reduce the amount of water)  the amount of material that you can dissolve in it gets less.  The other material doesn’t just vanish because it can’t be dissolved.  The extra forms as a residue in the beaker. 

PROCEDURES:   This lab is made up of 6 mini-labs each one concerning itself with one of the six types of chemical reactions that we have studied.  The order that you complete them is not important but you should follow the directions of your teacher.   However, it is advised that you start with the beginning of the single replacement lab due to the time factor needed to complete the first part of the reaction.

SINGLE REPLACEMENT:

Most single replacements take some time to complete so we will start with this one.  Obtain a 250 ml. beaker and label the beaker with your name using label tape.  Obtain 150 ml of Copper (II) Sulfate and solution and place it in a 250 ml. beaker. The exact measurement is not important so you may use the marks on the beaker to measure it out.  Take 12 zinc pellets and put them in the copper (II) sulfate solution.  Place this beaker aside, out of the way and you will come back to it at a later date, after it reacts.     When the reaction has finished, the blue solution should have disappeared and it should have become a bit lighter in color, though a greenish cloudiness might still linger.  Notice the copper that has settled out of the solution at the bottom of the beaker.  Observe the color of the metal at the bottom of the beaker now and compare it to the color of the original metal. When you are sure that the reaction is complete, you should scoop out the copper metal at the bottom and put in on a watch glass.  Here you can make more observations.  You may discard the liquid filtrate down the drain. The solid copper will be collected in a central beaker.
COMBUSTION:

In a watch glass, place enough methanol to fill it about half full, using the disposable plastic droppers that you are given.   After you have placed some methanol in the watch glass, make sure to place the group flask containing the methanol back in the central bin.   Using your burner, and a wood splint you should light the methanol in the watch glass. It will take a minute or so for all of the methanol to burn.  When you are done, you should have some cobalt (II) chloride paper in your lab bin.  Take out a single piece of cobalt paper and rub it on the watch glass where the methanol was burning.  Cobalt paper is an indicator for water.  The paper remains one color when dry and turns another when wet.  Remember that you are not making a lot of water.  There might only be a slight area of the paper that turns pink.  That is fine.  You will have to look carefully.
DECOMPOSITION:

Obtain a 150 ml. beaker and put your name on it with label tape.  Then weigh the beaker and record this number. You will need to weigh out exactly 5 grams (within .03g) of calcium carbonate and place it in the weighed beaker. Make sure to record this mass. The reaction is to heat the calcium carbonate and decompose it to form carbon dioxide and calcium oxide. Heat catalyzes the reaction.  We will be heating the calcium carbonate in the oven overnight and record the loss of mass. The loss of mass is the gas product: carbon dioxide that was produced and released into the air.  The mass of the residue (calcium oxide) after the beaker has been subtracted should be 2.8 grams.  
DISSOCIATION:

For this part of the lab, you will have to refer to the area that your teacher is doing the demonstration.

There are beakers with a light bulb conductivity apparatus inserted part way down the beaker.  A solution will be poured into the beaker. Some possible solutions that might be used include:  plain tap water, sugar, salt, & an acid.   If a solution is a conductor the bulb will light up. Do you see the difference in the bulbs when the different solutions are tested ?   A voltmeter may be substituted for the light bulb conductivity test.

SYNTHESIS:

A simple synthesis reaction that you can easily perform is the combination of magnesium metal with oxygen.  You will first need to obtain a piece of magnesium metal.  Next you will have to light a burner.   Find the crucible tongs that are in your bin.  If the tongs are dirty then you should clean them with water, especially around the tips of the tongs.  Take the piece of metal in the crucible tongs and hold the metal over the flame.  You should take special care to protect your eyes as the synthesis of the two elements creates a bright flame.   Let the magnesium burn to completion.  How does the final product compare to the original magnesium.   Try to burn the residue that is left on the tongs to see what they will do when they come in contact with the flame. 

DOUBLE REPLACEMENT:

You will have to obtain 50 ml of each solution and transfer them into separate 150 ml. clean and dry beakers.  You don’t have to weight the beakers.  Slowly transfer both of them into a 250 ml beaker.  Carefully swirl the contents of the beaker after they have been poured into the larger beaker.  While one of the people in your group is doing this part of the lab, another person could be setting up a filtering set-up. Make sure that you fold your filter paper correctly when you put it into your funnel.  Remember to filter slowly. Make sure that the precipitate in the large beaker has settled.  When the precipitate in the 400 ml beaker has settled, you are to filter it into the 150 beaker that you have labeled with your name on it, making sure to catch all of the solid precipitate in the filter paper.  When this is done you are to carefully remove the filter paper and put it on a watch glass that you have put your name on with label tape.   We will then dry the material in the watch glass/filter paper.  This can be done by heating it in the oven overnight.  Follow the teacher’s instructions so you know how this is being done. 
An option for this lab is to boil the water away from the filtrate to see if there is any dissolved material in it.  Once again, listen to the teacher’s instructions to see if this step is being done.  Remember that if we are using the burner, you are to watch a lit burner at all times, and take special notice when the water level gets lower in the beaker.   As the water level gets very low and some of the material starts to appear, you should turn the heat down so as to not crack the beaker.     

NAME  ________________________________________

PRELAB QUESTIONS:

1.  There are six basic types of reactions that we have gone over.  List the 6 and briefly describe what is it about each of them that quickly tells you what type of reaction it is.

a ______________________________________________________________________________

. _______________________________________________________________________________

b ______________________________________________________________________________

. _______________________________________________________________________________

c ______________________________________________________________________________

. _______________________________________________________________________________

d ______________________________________________________________________________

. _______________________________________________________________________________

e ______________________________________________________________________________

. _______________________________________________________________________________

f ______________________________________________________________________________

. _______________________________________________________________________________

2.  What type of reaction requires an activity series ?   ____________________________________

3.  What type of reaction requires a solubility chart ?  _____________________________________

4.   What are the products of a combustion reaction that includes a hydrocarbon ?  


____________________

___________________

5.   What ions will form when the salt is put in the water in the dissociation reaction ? 
_____________________

_______________________
6.    If a sample of potassium reacts with some chlorine gas to form potassium chloride, which type of 


reaction would that be ?  ______________________________

7.
Which is the more active metal in the pair of metals below ?  Circle the more active one.


Lithium  --  Lead

Zinc --  Platinum

Calcium  --  Aluminum

QUESTIONS:
SINGLE REPLACEMENT:
1.  What color is the filtrate in the beaker after you filtered out the copper ?  ___________________


Explain why it is the color that it is ?   ____________________________________________

. _______________________________________________________________________________

2.  Write out the complete balanced equation for the reaction that you performed.
. _______________________________________________________________________________

3.  For the following pairs of ions list which one is more active.   Circle the more active metal

Lead  -- Sodium



Zinc -- Tin


Aluminum -- Potassium


4.  Was there any zinc left over ?   Why do you think that was ?  If any zinc did remain,  what could have been done to remove all of the zinc pellets ?

. _______________________________________________________________________________

. _______________________________________________________________________________

5.
Describe the contents of the beaker after you evaporated the water away from the filtrate.

. _______________________________________________________________________________

. _______________________________________________________________________________

COMBUSTION:
1.  Does the paper turn color ?   ___________  (remember that only a small part might change)
2.  What does the color of the paper mean ?   ______________________________

3.  Write out a complete balanced equation for the reaction that you performed ?  The formula for methanol is CH3OH ?

. _______________________________________________________________________________

4.  Explain why hydrocarbons are the most popular choice for fuels ?

. _______________________________________________________________________________

. _______________________________________________________________________________

DECOMPOSITION:
Complete the following table for the work in this part of the lab.

a.     Mass of the beaker   ____________  g.

d.  Mass after heating   __________  g.

b.     Mass of carbonate    ____________  g.

e.  Mass of beaker (a)   __________  g.

c.     Total mass
       ____________  g.

f.   Mass of oxide
   __________  g.










     This is the value that should be 2.8 g.









1.  Write out a complete balanced equation for the reaction that you performed ?

. _______________________________________________________________________________

2.  Calculate a percent error from the amount of product that you obtained from the real value of 2.8 grams that you should have obtained.

O - A 
times 100 %



    
   A


3.   What was the amount of mass of the carbon dioxide ? _______________

DISSOCIATION: 

1.  Which beaker had undergone a dissociation reaction ?  ___________________________

2.  Give a short explanation how the ionic material causes the light bulb to glow ?  

. _______________________________________________________________________________

. _______________________________________________________________________________

3.  Write next to the compounds whether they would make the light glow.


Hint:  What type of bonding is happening with each compound ?

LiBr  ________

HCl  _______


CaO _______

CH4 ________


4.   List five other compounds that would make the lightbulb glow ?

__________
     __________
__________       __________
__________

SYNTHESIS:
1.   Write out a complete balanced equation for the reaction that you performed ?

. _______________________________________________________________________________

2.  How is this similar to a combustion reaction ?

. _______________________________________________________________________________

3.  When you tried to burn the residue from the tongs in the flame does it behave the same as the magnesium metal ?  How did the residue react to the flame ?

. _________
       _________________________________________________________________

. _______________________________________________________________________________

4.  If we were to weigh the amount of magnesium ribbon that we used at the start of the lab before we burned it and then we weighed the amount of residue at the end of the lab, would the amounts be equal ?  If they should not be equal then explain why not.

. _______________________________________________________________________________

. _______________________________________________________________________________

. _______________________________________________________________________________

5.  Suppose the original magnesium ribbon weighed 2 grams,  and the mass of the residue was 1.6 grams,  what conclusion could you draw about this ?

. _______________________________________________________________________________

. _______________________________________________________________________________

6.  Name at least 3 applications where magnesium would be useful.

. _______________________________________________________________________________

. _______________________________________________________________________________

. _______________________________________________________________________________

DOUBLE REPLACEMENT:

1.   Write out a complete balanced equation for the reaction that you performed ?

. _______________________________________________________________________________

2.  Which of the products is a soluble compound ?   __________________________


How did you arrive at this conclusion ?

. _______________________________________________________________________________

3.
Which of the products is a non-soluble compound ?  ___________________


How did you arrive at this conclusion ?

. _______________________________________________________________________________

4.  Suppose the following equation  2A + B (  C + D is the balanced equation for a double replacement reaction, and the mass of A is 12 grams and the mass of B is 16 grams.  If the mass of C is 20 grams what would be the mass of D ?   Explain your answer ?  No material is in excess.
________
____________________________________________________________________

. _______________________________________________________________________________

. _______________________________________________________________________________

SOURCES OF ERROR   
This section needs to be done on a separate sheet of paper just like we do for all our labs.

List which of the six reaction types you are referring to when you list a source of error.
For this lab, there will be many sources of error, since this was essentially 6 mini-labs.
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