
Academic Chemistry 

Lab: Chemical Bonding and Physical Properties 

 

Background: Define the following terms and be able to use them in your work: ion, cation, anion, electronegativity, 

electron, soluble, insoluble, solute, solvent, solution,  electrolyte, non-electrolyte, ionic bond, covalent bond, molecule, 

polar covalent bond,   hydrogen bonding  (Note: nearly all of the terms are covered in this discussion, and also in 

Chapters  6, 7, and 8. They are “need-to-knows”.) 

 

 Chemical bonds are the attractive forces that hold atoms together in compounds and elements. Most texts 

describe bonds in terms of two basic kinds: ionic bonds and covalent bonds. However, all bonds have characteristics of 

both kinds – we simply name bonds for the more dominant behavior. In ionic substances, one or more electrons are 

transferred from one atom to another. The atom with the lower electronegativity (the metal) will lose electrons while the 

atom with the higher electronegativity (the non-metal) will gain those electrons. When ions are oppositely charged, they 

attract each other and form a “bond”.  In molecular substances, atoms are held together by covalent bonds. In a covalent 

bond, pairs of electrons are shared between nonmetallic atoms.  

 

When a covalent bond forms between atoms of different electronegativities, an intermediate (or polar covalent) 

bond will form. Water is an excellent example of this type of molecule (Fig #1).  Remember that water is V-shaped due 

to the non-bonding electrons on the oxygen atom. When considering the bonds in water, remember that the oxygen atom 

has a higher electronegativity than the hydrogen atom (3.5 vs 2.1). The shared electrons are pulled closer to the oxygen, 

resulting in an imbalance in the electron density in the molecule. The oxygen side of a water molecule is more electron-

rich and will be attracted to positively-charged particles (of cations or other polar molecules). Similarly, the hydrogen 

side of a water  molecule is electron-poor and will be attracted to negatively-charged particles (of anions or other polar 

molecules). This interaction makes it possible for water to dissolve many ionic compounds.  Water may also dissolve 

molecular substances if the molecules are polar.  An example of this type of molecule is ethanol (Fig #2). The polar 

bonds and bent shape on the –OH end cause an ethanol molecule to be polar, and able to be attracted to water molecules.        

Fig. 1,      H2O                                                                             Fig. 2,     C2H5OH                                                                                       

                                                       

 

Ethanol  dissolves fairly well in water.  See the similarity in molecular shape and bonding of these two 

molecules. However, ionic compounds do not dissolve well in ethanol. The hydrocarbon end (CH3CH2 - ) of ethanol is 

non- polar. (Carbon and hydrogen have very similar electronegativities: 2.5 and 2.1; these atoms attract shared electrons 

almost equally and these bonds are not polar.)  Therefore, the C2H5-  end of the molecule does not attract ions very well.  

This is the essence of solubility.  A rule of thumb exists, “Like dissolves like”. This means that polar solutes dissolve in 

polar solvents, while non- polar solutes dissolve in non-polar solvents. 



              We will use the property of solubility as well as the property of electrical conductivity of solutions, in order to 

compare and contrast substances.   A solution will conduct electricity if it contains ions that are free to move about in the 

solvent. A compound that produces ions in solution is known as an electrolyte, and the solution is called an electrolyte 

solution. If an electrical current is forced into the solution, the cations will flow toward the negative electrode (cathode) 

while the negative ions (anions) will flow towards the positive electrode (anode).  This movement of charged particles is 

sufficient to “connect” the electrodes and provides for a flow of electricity (Fig # 3).  Molecular substances might 

dissolve, but since there are no ions, there is no conductivity.  That kind of substance is referred to as a non-electrolyte.  

 

                     Fig. 3, net movement of ions in the solution                                no ions present 

                                                        

                                                                                                 
                          

 

                 Notice the orientation of water molecules around             In this case, polar molecules will dissolve in     

    cations and anions – providing separation and              water, but there are no ions, so there  

                 independent movement of the ions between               is no conductivity. (Ethanol is used as an  

                 + and - electrodes                      example. The dotted lines represent the  

                    attractions that occur between polar  

  NaCl and H2O                 molecules.)   

                         C2H5OH   and   H2O 

 

 

                                                                                                
 

   

                                                                                                                
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Procedure:    Use the conductivity testers carefully.  Do not touch the electrodes to any other material than the 

solutions in beakers, and do not immerse the instrument in the test  solutions. Only the copper electrodes should be 

placed into the solutions .   Rinse electrodes with deionized water between tests, rinse the  beakers between tests.   

 

1) Work in groups of two. Wear goggles during the lab work, and be sure to leave the lab area neatly organized for 

the next class In this lab we will use deionized water (kept in wash bottles, re-fill as needed from classroom 

supply), and ethanol (provided at lab tables).  Test the conductivity of distilled water (if available), ethanol, and 

tap water.  Record your results.   Note: the teacher may do this part for you.   

 

2) Prepare an aqueous solution of NaCl.  Transfer a small amount of solid NaCl (approx. 0.5 g) with the scoopula 

to  approx. 50  mL of  deionized water in a small, clean beaker.  Stir the mixture with a glass rod. Observe both 

solubility and electrical activity.   Record your results.  Pay attention to the base of each electrode… bubbling is 

a sign of electrical activity even if the light bulb doesn’t light.  Repeat the procedure with all combinations.  

NOTE:  Leftover paradichlorobenzene (C6H4Cl2) should not be placed in the sink.  Wrap undissolved 

C6H4Cl2  in a paper towel and then discard it the trash.  
 

When testing mixtures made with ethanol, if it appears that there is no dissolving and no electrical 

activity, you should re-use the ethanol for another test.  Simply pour off the liquid layer into another  

clean beaker – it is still “good”.  At the end of the experiment you may pour leftover ethanol into the sink. 

 

3) Clean up the lab area. Wash your hands. Answer the questions that follow. 

 

Solute Solvent Solubility Conductivity 

------ DI (or distilled if 

available) Water 

xxxxxxxxxxx  

------ 

 

Ethanol xxxxxxxxxxx  

------ Tap Water xxxxxxxxxxx  

 

NaCl DI Water   

 

NaCl Ethanol   

 

KBr DI Water   

 

KBr Ethanol   

 

C12H22O11 (sucrose) DI Water   

 

C12H22O11 (sucrose Ethanol   

 

CaCl2 DI Water   

 

CaCl2 Ethanol   

 

Na2CO3 DI Water   

 

Na2CO3 Ethanol   

 

K2SO4 DI Water   

 

K2SO4 Ethanol   

 

C6H4Cl2 

(paradichlorobenzene) 

DI Water   

C6H4Cl2 

(paradichlorobenzene) 

Ethanol   

 

Ethanol  Water   

 



Analysis: Word-process the following: 

 

A) First, define the terms listed at the beginning of the lab. Be sure that the definitions are related to bonding 

concepts. Many of the definitions can be determined from the background provided here.  

 

 

 

 

 

B) Complete the following questions using complete sentences. Incorporate vocabulary above as appropriate.  

 

1) Group the substances used in this experiment into two lists; ionically bonded, and covalently bonded. 

Remember, ionically-bonded substances show electrical activity when placed into water.  

 

 

 

2)  Observe the positions on the elements making up these compounds on the periodic table. How can the periodic  

 table help you decide whether a compound is ionically or covalently bonded?? 

 

 

 

3)  Explain why NaCl dissolves more completely  in water than in ethanol.  (Read the background information and  

 examine the illustrations again to find the answer for this question.) 

 

 

 

4)  Why do some aqueous  solutions (compounds dissolved in water) conduct electricity while others do not? 

 (The answer is in the reading and illustrations…) 

 

 

 

5)  Based on the information  in this lab, predict if each of the following substances is capable of conducting  

 electricity when it is placed into water.  (Compounds that conduct electricity in solution are called electrolytes.   

 You have heard this term associated with ingredients in sport drinks.) Circle each electrolyte (i.e., compound  

 made from ions) below. 

 

 You need to recall what kinds of compounds conduct electricity when dissolved in water, and then recall 

 how to recognize their formulas.  
 

  CO2 NaOH         CH3OCH3 NH3 OF2          CaCl2      Mg(NO3)2         C6H12O 6 

 

 


