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Types and Evidences of Chemical Changes (i.e., Chemical Reaction)

by Walter Scharf and Charles Malerich

Natural Sciences, Baruch College, New York, NY 10010

Introduction

A chemical reaction occurs when one material changes to another.  The chemical reaction is best summarized by writing a chemical equation having the general form:

A + B + C . . .-->    Q + R + S + . . ..

A, B, C etc., on the left-hand side, represent the starting materials (called reactants), while Q, R. and S on the right, the new materials (called products) which are formed.  The arrow is read “yield(s)” or “produce(s).”  Often the products of a reaction, once produced, may react to reform the original reactants.  This situation is shown by a double arrow, e.g. (.

In addition to reactants, a reaction may require a material, usually in small amounts, that helps to speed up a reaction without itself being consumed.  Such a substance is called a catalyst.  Its formula is not included in the body of the chemical equation, but can, if desired, be written over, or under, the arrow.  Abbreviations for special conditions facilitating the reaction, e.g. a particular temperature or pressure, may also be shown over, or under, the arrow.

Types of Reactions

Chemical reactions may be broadly grouped into one of six categories:

1.  Combination (or Composition) symbolized by

A + B . . . (     AB . . .

Where A, B, etc. represent single reactants, and AB . . . stands for a compound containing them.  The letters A, B, etc. may stand for elements or compounds.

2.  Decomposition symbolized by

AB (  A + B + . . .

This type is the reverse of a Combination reaction.

3.  (Single) Displacement symbolized by

A + BC (  B + AC

where A and B are elements or compounds and BC and AC are compounds.

4.  Double Displacement (or Metathesis) symbolized by

AB + CD (  AD + CB

Here AB and CD must be ionic compounds, acids, or bases in solution, while AD or CB (or both) must be either a precipitate, weak acid, weak base or water.

5.  Rearrangement symbolized by

ABCD ( BDCA . . .

A compound, made up of molecules having many but at least three

 atoms connected in a particular pattern, is converted to a new compound having the same atoms but arranged in a different pattern.  Rearrangement reactions are possible also, with elements having polyatomic molecules.  Here the process is called 

allotropization.

6.  Mixed-Type reaction
This is a catch-all category which includes reactions which do not easily fit the symbolic patterns of categories (1) through (5).  Very often, more than one type of change is included in a single chemical equation; e.g., a rearrangement may be combined with a decomposition.

The above classification of reactions is based entirely on the form taken by the written chemical equations, and does not show the details of the process involved (called the mechanism) to effect the changes.  For example, many reactions involve the transfer of electrons from the atoms of one of the materials to those of another, while others involve interactions between ionic species.

Evidences For Chemical Change


Chemical changes produce new substances from starting substances, and distinguishing a chemical change from a physical change is based on detecting new substances in the system being observed.  When two or more materials (reactants) are mixed, four easily observed indicators for new materials are:

1)  formation of a gas from two liquids or a liquid and a solid.

2) formation of a solid (precipitate) from two liquids or a gas and a liquid.

3) unexpected color change.  For example, mixing two colorless liquids and obtaining a color is an unexpected color change but mixing a blue liquid and yellow liquid and obtaining a green liquid is not an unexpected color change.

4) dissolving an insoluble solid (precipitate) in a solution.  Note, the solution's solvent in this case will not dissolve the solid by itself.

Not all chemical reactions exhibit these changes in properties, and evidence for new substances must then be obtained from other observations.  Instruments which extend our ability to make observations are often employed to detect such chemical changes.

Energy and Chemical Reactions

With few exceptions, all changes occur with a change in energy.  Changes in which energy is absorbed are called endothermic, and changes in which energy is released are called exothermic.  Whether a change is exothermic or endothermic, can be determined by direct evidence of the absorption or release of energy.  For example, light is emitted or the reaction system gets hotter or colder.  Another criteria for distinguishing between endothermic and exothermic changes is, if a change requires the input of energy to initiate the change then exothermic reactions will continue when the energy source is removed while endothermic changes stop when the energy source is removed.  Burning a fuel (exothermic) or baking a cake (endothermic) are examples of changes to which this criteria can be applied.   There are many examples of reactions where the energy change is small and not easily detected.  In such cases, the classification of the reactions as exothermic or endothermic must be made by measuring the effects of temperature on the extent of reaction or by running the reaction in an insulated container while observing temperature.  For this experiment, these reactions will simply be classed as "cannot tell".  

Theoretically, a chemical reaction forms, breaks, or breaks and forms chemical bonds.  The energy change observed for a chemical reactions results from differences in the strengths of these bonds.  Generally forming a chemical bond releases energy while breaking a chemical bond absorbs energy.  The term bond strength refers to the quantity of energy released when a bond is formed or the energy absorbed when a bond is broken.  Hence for a reaction to be exothermic, strong bonds are formed and weak bonds broken while for an endothermic reaction, weak bonds are formed and strong bonds broken.

Chemical Magic

The changes in properties and energy which occur with some chemical reactions are often so surprising and unexpected that they appear magical to the uninitiated.  A phenomenon is magical only to the extent that it is unexpected and unsuspected.  For example, the amazing mathematical prowess of a computer is merely the result of  utilizing logical electronic circuitry to carry out rather elementary arithmetical operations quickly and repetitively.

In the experiment, we will perform some chemical reactions, not only with a view towards illustrating the various types of changes that are possible, but also to show some of the amusing “magical” uses to which they can be put (e.g. to stage a theatrical production).  Study chemistry and amaze your friends!


Procedures

Record all changes observed on the data sheets.

1.  Combination reaction

Magnesium Flare: 2Mg+O2  ( 2 MgO.

Hold a strip of magnesium with your crucible tongs in the most efficient zone of your³

Bunsen flame until it ignites.  Quickly remove the burning strip from the flame and watch it out of the corner of your eye.  Do not observe the flame directly!

Describe the change.  Examine the ash after the strip has stopped burning.  Is the reaction endothermic or exothermic?

2.  Decomposition Reaction

Invisible Ink--Dehydration of the cellulose (Wood Pulp in Paper) catalyzed by H2SO4.

(C6H10O5)x ( 6xC + 5xH2O.

Pour 5 ml of 3M sulfuric acid into a 50 ml beaker.  Using a wooden splint as a “pen,” write a “secret” word or message on a piece of absorbent paper toweling, using the 
     sulfuric acid as “ink.”  Now make the writing illegible by dipping a wooden-splint “pen” into water and attaching lines to change them into different letters.  To visualize the hidden writing, place the paper into a drying oven at 120 C until the writing appears.  Check to see that the paper itself does not char.

3. Reversible Decomposition--Combination Reaction

A.  Dehydration of Blue Vitriol (Copper(II) Sulfate Pentahydrate):

CuSO4(5H2O ( CuSO4 + 5H2O

Place a small amount (about a teaspoonful) of CuSO4(5H2O (note its color), into your evaporating dish.  Set the dish upon a wire gauze atop an iron ring on a ring stand, and heat it with a small Bunsen flame.  After the reaction has progressed for approximately one-half minute, hold a cold , dry 250 ml beaker, mouth down, over the evaporating dish for five to ten seconds.  Note the cloud of steam which coats the inside of the beaker.  Remove the beaker and heat the contents of the evaporating dish until the powder has completely lost its original color.  Let the powder in the evaporating dish cool to room temperature and use the powder as the reactant in the next reaction.  This powder is anhydrous copper(II) sulfate, CuSO4, (i.e., copper sulfate without water).  Describe these changes on your report sheet.  Is the reaction endothermic or exothermic?

B.  Rehydration of Copper(II) Sulfate:

CuSO4 + 5H2O ( CuSO4(5H2O .

(This reaction is the reverse of the previous one.)

Thoroughly wet a piece of filter paper and place it on the palm of your hand and pat it against the skin.  Sprinkle a small amount of anhydrous copper (II) sulfate on the wet paper in your hand.  What happens?  Is this reaction endothermic or exothermic?   Does the powder change color?  Add a few drops of water to the anhydrous copper sulfate powder in the evaporating dish, and note whether the same color change occurs.

4. Single Displacement Reaction

Turning a Colorless Solution Blue

Cu + 2AgNO3 ( 2Ag + Cu(NO3)2 

Wrap a piece of copper wire in a spiral for about 2.5 cm (1 inch) around a pencil or stirring rod.  Put spiral in a test tube then add sufficient 0.10 M AgNO3 to the test tube to completely submerge spiral.  Record color of copper wire and silver(I) nitrate solution (look down the axis of the test tube).  Set aside in dark for 10-15 minutes and observe.  You may want to stir the mixture occasionally.  Record changes on data sheet.

5.  Double Displacement or Metathesis Reaction

Milk” from “water”.  (Do not drink!)

CaCl2 +  Na2CO3 (  CaCO3 + 2NaC1 

Fill one 50 ml beaker to a level, just below the spout, with 0.2 M calcium chloride solution, and another 50 ml with 0.2 M sodium carbonate solution.  Note the color of the liquids in these beakers.  Now pour the contents of the two beakers, simultaneously, into a 150 ml beaker.  What happens?

Let the mixture stand for 10 minutes, while you perform another part of the experiment.  Note any change that occurs on standing.  Save for part 7B of this experiment.

6.  Rearrangement Reaction

Poaching an egg without heat (When supplies of material are limited, your instructor will demonstrate this reaction for the class.  Do not eat the egg.)

Acid

Coiled, helical Protein Molecules
(      Uncoiled, cross-linked Protein Molecules

Pour 20 ml of 9 M hydrochloric acid solution into a 250 beaker.  Crack a raw egg in the center with a blow of the edge of a spatula.  (Instructor will demonstrate.)  Carefully separate the halves of the shell over the top of the beaker, to allow the egg to slide into the acid pool.  Now pour an additional 25 ml of hydrochloric acid into the beaker over the top of the egg.  Let the mixture stand for 10 minutes with occasional rocking.  Does the egg look poached?

Drain the remaining acid into an acid-waste collection bottle, and then wash the poached egg with water and discard it.

7.  Mixed-Type Reactions

A. Disappearing Ink--Combination and Mixed:

C6H4COOC(C6H5OH)2 + 2NH3 (  (NH4)2C6H4COOC(C6H5O)2
          Phenolphthalein (colorless)
          Phenolphthalein ammonium salt (colored)

(NH4)2C6H4COOC(C6H5O)2 + 2H2O + 2CO2 ( 2 NH4HCO3 + C6H4COOC(C6H5OH)2
Mix 10 drops of 1% phenolphthalein and 10 ml of 1:1 concentrated ammonium hydroxide solution in a 50 ml beaker.  Note the color of the mixture.  Now, dip a wooden splint into the solution and write, or mark, a few spots in the middle of a small circle of filter paper.  Wave the paper till it is visibly dry, and shows no trace of writing.  Now lay the paper, written-side down, on top of the beaker containing your ammonium hydroxide/Phenolphthalein solution.  Note that the color is restored to the writing almost instantly.  Why?  You can cause the writing to disappear again by either waving it in the air, or breathing* on it several times.  Why should your breath bleach the color?  You can restore and then bleach the colors as often as you like, since one reaction reverses the other. (If you are performing this trick for an audience, tell them that your “hot” or “cold” breath blanches the color, but you can restore the color to the writing by “showing” the paper the right color of your “ink.”)

*Only exhale onto on the paper.  Turn your head  from the paper to inhale. 

B.  The “Alka-Seltzer Effect”

CaCO3+ 2HCl -->  CaCl2 +H2O + CO2 

When most of the residue has settled in the 150 ml beaker from part 5 (Milk from water), carefully decant  (pour off) the supernatant liquid into the sink, while retaining the white residue (calcium carbonate) in the beaker.  Add 25 ml of 3 M hydrochloric acid to the beaker, but do not lean over it.  What do you observe?

C.  The Silver Mirror Reaction 

2 Ag(NH3)2OH + C6H12O6 ( 2 Ag+ C6H12O7 + 4NH3 +  2H2O 

 (Your instructor will demonstrate this reaction, prior to your performing it.)  Glove your hands with plastic or latex gloves and try not to spill AgNO3  on your clothes.  Obtain a specially-cleaned, or new, stoppered test tube from your instructor.  Using a 10 ml graduate cylinder, pour 5 ml of 0.1M silver nitrate solution into the test tube.  With a medicine dropper, add approximately 15 drops of a 1:1 ammonia solution, as follows: add ten drops, then shake the test tube.  Shake after the addition of each subsequent drop of ammonia solution until one drop barely, but not completely, just dissolves the brown precipitate which first forms.  A faint haziness (opalescence) should remain in the solution.  (Should you accidentally dissolve all of the precipitate, add one or two drops of silver nitrate to restore the precipitate, then shake and almost redissolve it, by adding ammonia dropwise.)  Now add 1 ml of a 5% glucose solution to the test tube, using a 10 ml graduated cylinder.  Stopper the test tube and mix the contents by inverting the test tube several times.  Then let the test tube stand in a test-tube rack for 5 to 10 minutes until a silver mirror coats the inside bottom.  

Unstopper the test tube and pour its contents into the sink and rinse the test tube with water.  (Should you accidentally get some silver nitrate solution on your skin, some brown or black silver stains may develop.  These are non-toxic, but may be unattractive and take about a week to wear off.).  You can remove them quickly, as follows: Dip the stained skin into a tincture of iodine (i.e., an alcohol solution of iodine).  Then dip the skin into a solution of sodium thiosulfate) (commercial photographer's “hypo”) for about 5 minutes.  Finally wash with tap water.

Try not to get silver-nitrate solution or iodine on starched shirts, as there is no satisfactory way of removing the stains produced.

8.  Three Penny Experiment--Has the Alchemists' Dream Come True?

The Alchemists' dream was to change base metals such as lead into gold.  In this experiment, you start with three clean shiny copper pennies and end with one copper penny (base metal left unchanged), one silver penny (coated with zinc), and one golden penny (bronzed penny).  Your problem is to classify the process which changes the  copper penny to the silver penny and the silver penny to the gold penny as a physical or chemical process.

Leave one of the three pennies on the bench top (this penny remains unchanged during the experiment).  Place a pea size scoop of granular zinc metal in a 50 ml beaker.  Put about 20 ml of 2 M ZnCl in the beaker, drop two pennies in the solution and heat on a hot plate.  After the solution boils for about 5 minutes and the top side of the pennies look silvery turn the pennies over using your scoopula or crucible tongs. Continue heating for another 5 minutes or until both sides of the pennies are silver in color.  Turn off the hot plate and take the beaker off the hot plate.  Let the solution cool and carefully pour the solution into the waste container.  Remove the pennies and dry.  Place the solid zinc in the appropriate waste container.  What color are the pennies?

Put 25 ml of cold water in the 50 ml beaker.  Light  a Bunsen burner and adjust the flame so that it is not too hot (no inner light blue cone but not a yellow flame either).  Pick up one of the pennies with your crucible tongs and carefully heat it in the top of the flame until it suddenly turns golden .  Immediately remove the penny from the flame, and drop it in the beaker of cold water.  (If you heat the penny too long or with too hot of flame, the penny will melt.)  What color is the penny?

Experiment 5—Report Sheet

Name______________________ Lab Section __________  Date  ____________

For each reaction write a balanced chemical equation and then below the chemical formula of each reactant and product write a brief description of the substance (color and physical state).  Also, indicate whether the reaction is exothermic, endothermic, or cannot tell.

1. Combination Reaction

Equation:

2.  Decomposition Reaction--Invisible Ink

Equation:

Reversible Decomposition--Combination Reactions

A.  Dehydration of Blue Vitrol (Copper(II) Sulfate Pentahydrate)

Equation:

B.  Rehydration of Anhydrous Copper(II) Sulfate:

Equation: 

4.  Single Replacement Reaction

Equation:

5.  Double Displacement Reaction--Milk from water:

Equation:

6.  Rearrangement Reaction--Denaturation of Protein:

Word equation:

7.  Mixed Type Reactions

A.  Disappearing Ink

Equation

Equation

Which reaction makes the ink disappear? 

B.  The Alka-seltzer effect

Equation:

C.  The Silver-Mirror Reaction

Equation:

8.  Three Penny Experiment--Please classify each of the following word equations as a chemical or physical change.  Give evidence that supports your classification. (Hint, are all silver colored metals silver or gold colored metals gold?)

red penny + zinc+ zinc chloride solution--> silver penny + zinc +zinc chloride solution

silver penny -->  gold penny 

Questions

1.  Which chemical magic reactions could be used to store energy?  (Give at least two examples)

2.  The following reaction is exothermic,

Heme-O2  +CO ( Heme-CO+ O2 .

Which bond is stronger  Heme-O2 or Heme-CO? (Explain)

3.  What is a precipitate?

4.  When hydrochloric acid is dripped onto marble, bubbling is observed while dripping hydrochloric acid onto granite does not lead to bubbling.  Based on these observations, what compound may be a component of marble but not granite?

5.  Balance the following equations:

a)  N2 + H2 ( NH3
b)  Al  + HCl -->  AlCl3 + H2 
c)  H2SO4 + Fe(OH)3(  Fe2(SO4)3 + H2O

d)  C2H2 + O2 -->  CO +  H2O

e) O2  + HI ( H2O + I2 

6.  The following compounds are reactants or products in the reactions carried out in this experiment.  Please name these compounds.

a. MgO




d. CaC12
b. CuSO4 




e. CaCO3
c. Cu(NO3)2




f. CO2
