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CHEMICAL BONDING I

ALL THE DATA YOU WOULD COLLECT IN THE LABORATORY TO COMPLETE THIS LABORATORY REPORT IS IN THIS DOCUMENT HIGHLIGHTED IN YELLOW

ENTER YOUR ANSWERS AND INFORMATION IN THE LIGHT BLUE FIELDS


Purpose

The purpose of this experiment is to determine molecular geometries of simple molecules, and to use molecular geometries and electronegativity data to determine whether molecules are polar or nonpolar.


Theory

The molecular geometry of a molecule is the shape or the three-dimensional manner in which the atoms project into space. The shape of a molecule is important because it affects the polarity of the molecule. The polarity of a molecule affects physical properties such as solubility, melting point, and boiling point.

In order to predict the molecular geometry of a molecule, one must consider the number of bonds and the number of nonbonding electrons around the central atom. The arrangement of bonds and nonbonding electrons, and whether the bonds are polar or nonpolar, will determine whether the molecule is polar or nonpolar. Whether a bond is polar or nonpolar is determined by the electronegativity difference between the atoms making up the bond. The electronegativity values for the elements are shown in the periodic table on the following page. Notice that electronegativity values generally increases from left to right across each period and decreases from top to bottom in the groups in the table.
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The electrons in a bond are shared equally between the atoms when the atoms have the same electronegativity values. In such a situation the electronegativity difference between the atoms is zero and the bond that forms is a nonpolar covalent bond.
When the electronegativity difference between two atoms is small the bond that forms is a polar covalent bond, and if the electronegativity difference is large the resulting bond is likely to be ionic. In general an electronegativity difference between zero and two results in a polar covalent bond. An ionic bond results when the difference is larger than two.

You can predict the polarity of bonds using electronegativity data. However, it is also important to be able to predict the polarity of molecules. The terms “polar” and “nonpolar” when used to describe molecules refers to the distribution of charge in a molecule. In a polar molecule the charge is unequally distributed. In these situations the molecule has one positive end and one negative end. In a nonpolar molecule the charge is equally distributed and the molecule does not have positive and negative ends.
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First, let’s consider a hydrogen gas molecule. Both hydrogen atoms in this molecule have the same electronegativity value. As a result both atoms share the two electrons in the covalent bond equally. This results in an equal distribution of charge. As a result hydrogen gas molecules are nonpolar.
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Now let’s consider beryllium chloride. Beryllium chloride molecules have a linear geometry with the beryllium atom in the center. The two chlorine atoms have a higher electronegativity than the beryllium atom. The electrons in the two bonds will not be shared equally because of this. The electrons will reside closer to the chlorine atoms because of the higher electronegativity of chlorine. Since the molecule is linear the overall distribution of charge is symmetrical and the molecule is nonpolar even though the bonds that make up the molecule are polar. The molecule does not have one positive end and one negative end. The negative and positive charges cancel each other out. The figure below shows the charge distribution in the molecule. The partial negative charges (designated with the symbol -δ) result from the higher electronegativity of the chlorine atoms and the partial positive charge (+δ) results from the lower electronegativity of the beryllium atom.
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Now let’s consider water molecules. Water molecules are non-linear or bent. The two hydrogen atoms have a lower electronegativity value than the oxygen atom. As a result the electrons in the two bonds will reside closer to the oxygen atom. Since the water molecule is bent the charge distribution is not symmetrical. The molecule has a negative end and a positive end. The negative end is at the top of the molecule and the positive end is at the bottom of the molecule. (See the picture below.) This unsymmetrical distribution of charge results in a polar molecule. As you can see, you must know the correct molecular geometry of a molecule before you can determine the polarity of the molecule. As in the figure shown above, the partial positive and negative charges in the molecule are caused by the difference in electronegativity of the atoms.
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In this experiment you will view a number of molecular models to visualize the three-dimensional shapes of some molecules. These molecules will contain single bonds, double bonds and triple bonds.

· A single bond is a covalent bond in which a single pair of electrons is shared between two atoms.

· A double bond is a covalent bond in which two pairs of electrons are shared between two atoms.

· A triple bond is a covalent bond in which three pairs of electrons are shared between two atoms.

The number and type of bonds that an atom forms depends on the number of electrons it needs to satisfy the octet rule. For example, a carbon atom has four valence electrons and therefore needs to share four more with other atoms to fulfill the octet rule when forming covalent bonds. This can be accomplished by forming:

· Four single bonds

· Two double bonds

· One double bond and two single bonds

· One triple bond and one single bond

In each case the carbon atom has eight electrons in its outer shell after bonding. The diagram below shows the four different bonding combinations that help carbon atoms obey the octet rule. The "A" refers to the atom bonded to the carbon atom, the "x"s refer to electrons on “A” and the dots refer to electrons on carbon.

· Notice that in all cases carbon has zero nonbonding electrons.

· Also notice that in all cases the carbon atom has eight valence electrons and is satisfying the octet rule.
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In each case the bonds are symmetrically spaced around the carbon atom so that all bonds are as far from each other as possible. Also notice that each carbon atom is sharing eight electrons. The number of “x”s and dots around each carbon atom adds to eight.

Similar analyses can be performed with other atoms. For example, nitrogen has five valence electrons and therefore needs three more electrons to fulfill the octet rule. This can be accomplished by forming the following covalent bonds.

· Three single bonds

· One double bond and one single bond

· One triple bond

The diagram below shows the three bonding combinations for nitrogen. In the diagram the "A" refers to the atom bonded to the nitrogen atom, the "x"s refer to electrons on “A” and the dots refer to electrons on nitrogen.

· Notice that in all cases nitrogen has two nonbonding electrons.

· Also notice that in all cases the nitrogen atom has eight valence electrons and is satisfying the octet rule.
[image: ]
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In determining the shape of the molecule the bonding and nonbonding electrons will be as far apart from each other as possible just as they were in the molecules containing carbon atoms.

In summary, the number of valence electrons that an atom has will determine the number and type of bonds an atom needs to fulfill the octet rule. The arrangement of bonding and nonbonding electrons determines the shape or geometry of the molecule which can then be used to make judgments about the polarity of the molecule.
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Name _______________________

Date	_______________________




CHEMICAL BONDING I


Prelaboratory Assignment

1. Define electronegativity.









2. What factors are used to determine whether a molecule will be polar or nonpolar?









3. What factors are used to determine whether a bond will be polar or nonpolar?








4. Carbon atoms have four valence electrons. As a result they need four more electrons to obey the octet rule. These electrons can be obtained by sharing electrons with other atoms during covalent bonding. As described the Theory section the combinations of covalent bonds that fulfill the octet rule for carbon in neutral molecules are as follows. See the figure on the following page showing these combinations.

· four single bonds

· two double bonds

· two single bonds and one double bond

· one triple bond and one single bond
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The bond combinations for nitrogen were also discussed in the Theory section.

a. Now let’s think about oxygen atoms. How many valence electrons does an oxygen atom have?




b. How many more electrons does an oxygen atom need to obey the octet rule?
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c. What are the combinations of covalent bonds that fulfill the octet rule for oxygen? Keep in mind the following.

· In all bonding combinations an oxygen atom will have four nonbonding electrons.

Indicate Correct for a correct bonding combination for oxygen. There are only two correct bonding combinations for oxygen.


	•
	One single bond
	•
	Two single
	•
	Three single
	•
	Four single

	
	
	
	bonds
	
	bonds
	
	bonds

	
	
	
	
	
	
	
	

	•
	One double
	•
	One double
	•
	Two double
	•
	One double

	
	bond
	
	bond and one
	
	bonds
	
	bond and three

	
	
	
	single bond
	
	
	
	single bonds

	
	
	
	
	
	
	
	

	•
	One triple bond
	•
	One triple bond
	•
	One triple bond
	•
	Two triple bonds

	
	
	
	and one single
	
	and two single
	
	

	
	
	
	bond
	
	bonds
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5. As described above atoms can form covalent bonds with other atoms to obey the octet rule and to become stable. This means that atoms will form covalent bonds to gain eight valence electrons.

One exception to this is the hydrogen atom. Hydrogen atoms will not form covalent bonds to gain eight valence electrons. Hydrogen atoms only need two valence electrons to become stable. With this in mind, answer the following questions about hydrogen atoms.

a. How many valence electrons does a hydrogen atom have?






b. How many more electrons does a hydrogen atom need to become stable?






c. What covalent bond will a hydrogen atom form to become stable? Keep in mind the following.

· In all bonding combinations a hydrogen atom will have zero nonbonding electrons.

Indicate Correct for a correct bonding combination for hydrogen. There is only one correct bonding combination for hydrogen.


	•  One single bond
	•  One double bond
	•  One triple bond
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Name _______________________

Date	_______________________


CHEMICAL BONDING I


Procedure and Data Sheet

A. Instructions for investigating the bonding patterns and molecular geometries of molecules on the ChemSpider website.

1. Go to http://www.chemspider.com/.

2. Type the name of the molecule in the Search ChemSpider field. Methane is typed here.








3. Hit your Return key. You should see that one result was found. Notice that the molecular formula for methane is given.

4. Click on the magnifying glass to see the structure of methane.
[image: ][image: ]
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5. A second window should appear. Click on the 3D button.
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4. The three-dimensional picture of the molecule should appear. You can rotate the molecule using your cursor.
[image: ]
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B. Molecular formulas and molecular polarity

a) Complete the tables below by observing the seven molecules listed below. Follow the instructions for using the ChemSpider website in Part A of the Procedure to view the molecules. Refer to the discussion in the Theory section about molecular polarity to determine whether the following molecules are polar or nonpolar.

	Name
	Molecular formula
	Is the molecule polar or

	
	
	nonpolar?

	Methane
	
	

	
	
	

	Ammonia
	
	

	
	
	

	Hydrogen chloride
	
	

	
	
	

	Dinitrogen
	
	

	
	
	

	Chloroform
	
	

	
	
	

	Formaldehyde
	
	

	
	
	

	Carbon dioxide
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CHEMICAL BONDING I




Questions

1. Complete the table below. Indicate whether the molecules shown below are polar or nonpolar, and indicate the atoms in these molecules that are not obeying the octet rule.

Note: All of these molecules are flat and have the geometries as indicated in the drawings. So for example SO2 and GeF2 have bent geometries and are not linear.

Remember that the geometries of all these molecules will influence the molecular polarity.

	
	Indicate whether the
	Are there any
	Indicate which

	
	molecule is polar or
	atoms in the
	atoms in the

	Molecule
	nonpolar by
	molecule that are
	molecule are not

	
	entering POLAR or
	not obeying the
	obeying the octet

	
	NONPOLAR.
	octet rule? Enter
	rule (if there are

	
	
	YES or NO.
	any).
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   Chemical Reactions                                                 Name ___________________  
                                                                                            Date   ___________________
Prelab Questions 

1. How is a chemical change distinguished from a physical change?


2. List four kinds of observations that can lead you to conclude that a chemical reaction has occurred


3. How small of a change in temperature do you think you can detect by your sense of touch?  How could smaller changes in temperature be detected?


  Laboratory Report Results:
  The laboratory data is in red.


1. Volume of sodium carbonate solution                                            __________    
2. Volume of calcium chloride solution                                               __________
3. Record your observation on mixing these two solutions.


4. Mass of filter paper                                                                          ___0.68 g___
5. Mass of dried filter paper and calcium carbonate                            ___0.71 g___
6. Mass of calcium carbonate                                                              ___________
7. Calculate the number of moles of calcium carbonate produced in your reaction.
Show your calculations.




8. Write a balanced chemical equation for the chemical reaction that took place in this experiment.





   Post Lab Questions:

1. Balance the following chemical equations.
A. [bookmark: _Hlk35455731][bookmark: _Hlk35456098]__ Mg (s)       +     __ HCL (aq)         __  MgCL2 (aq)   +   __  H2 (g)
B. [bookmark: _Hlk35456460]__ NaHCO3 (s)  +  __ HCL (aq)        __ NaCL (aq)    +     __  H2O(l)   +   __ CO2 (g)
C. __ NaHSO3 (s)  +  __ HCL (aq)        __  NaCL (aq)    +     __  H2O (l)  +   __ SO2 (g)
D. __ FeS (s)       +     __ HCL (aq)        __  FeCL2 (aq)    +     __ H2S (g)
E. __ BaCL2 (aq)   +   __ Na2SO4 (aq)     __  NaCL (aq)   +    __  BaSO4 (s)
F.  __ Mg (s)      +      __ O2 (g)              __  MgO (s)                                         

2. For each of the chemical equations in question 1, describe observations that you would have made in the laboratory to determine that the chemical reaction actually occured.

A.

B.

C.

D.

E.

F.
   Acids and Bases                                                     Name ___________________  
                                                                                     Date   ___________________

Prelab Questions 

1. Give the definitions for the following scientific terms.

a. [bookmark: _Hlk35462462]Acid

b. Base

c. pH

d. pOH

e. Kw



4. What does pH measure?


5. Complete the following table.

	       [H3O1+]
	        [OH1-]
	            pH
	Acid, Base, or Neutral
	

	    1 x 10-4 M
	
	
	
	

	
	   1 x 10-5 M
	
	
	

	
	
	            7
	
	

	
	   1 x 10-13 M
	
	
	




6. A solution has a pOH of 8.7
a. What is the pH of the solution?                                 __________


b. Is the solution acidic, basic, or neutral?                   __________






Laboratory Report Results:  



A. Acid Solutions

	      Acid
	   Red Litmus
	   Blue Litmus
	  Phenolphthalein
	  Methyl Orange

	      HCl
	
	
	
	

	      HNO3
	
	
	
	

	[bookmark: _Hlk38227379]      H2SO4
	
	
	
	

	      HC2H3O2
	
	
	
	

	      Vinegar 
	
	
	
	





[bookmark: _Hlk38227342]Zn (mossy) and HCl   =   ______________________    


[bookmark: _Hlk38228430]Na2CO3 and H2SO4     =    ______________________



B. Base solutions

	      Base
	   Red Litmus
	   Blue Litmus
	  Phenolphthalein
	  Drops of HCl

	    NaOH
	
	
	
	    9 Drops   

	    NH3 (aq)
	
	
	
	    9 Drops   

	    Ca(OH)2
	
	
	
	    6 Drops   





Zn and NaOH     =     ______ _________________________







Post Lab Questions:


1. Write a balanced chemical equation to describe the neutralization reaction that occurs when hydrochloric acid and calcium hydroxide are mixed.








2. Explain why the color of the phenolphthalein changed from purple to colorless when hydrochloric acid was added to the basic solutions in step #4 of part B of the procedure.



      



3. Write balanced chemical equations for the following reactions. Name the products in each of the reactions.

A. Zinc and hydrochloric acid.

B. Solid sodium carbonate and sulfuric acid.
   

Reactivities of Metals                                             Name ___________________  
                                                                                 Date   ___________________


Prelab Questions 


1. How do you use the Periodic Chart to determine whether an element is a metal or a nonmetal?




2. A. List some general physical and chemical properties of metals.



          B. Compare these to the general properties of nonmetals.



3. Give chemical symbols for the metals (below) that you will study in this experiment.

Calcium   _______               Iron    _______             Magnesium   ________


Copper   _______               Lead   _______            Zinc   ________




4. Give chemical formulas for the test reagents that you will use in this experiment below.

            
Water                          Hydrochloric Acid                    Copper (II) Nitrate

          ______                            _________                               _________









Laboratory Report Results:  
The laboratory data is in red.
 


C. Reactions with Water

	      Metal
	    Initial Observation
	      Final Observation

	    Calcium
	      Vigorous Rxn 
     Heat + Bubbles
	Test Tube is hot, no more bubbles, White substance

	    Copper
	       No Rxn
	         No Rxn

	    Iron
	    2 small bubbles
	   2 small bubbles

	    Lead
	        No Rxn 
	         No Rxn

	    Magnesium 
	    Small tiny bubbles
	 Lots of small bubbles
 Bubbles increasing

	    Zinc
	       No Rxn
	         No Rxn



     
D. Reactions with Hydrochloric Acid

	      Metal
	   Observation
	   Relative Rate

	    Copper
	      No Rxn
	       No Rxn

	    Iron
	  Small bubbles
  Yellow green
	Small steady pace

	    Lead
	  1 bubble then another
	   Reacted very slowly

	    Magnesium 
	Lots of small rapid bubbles  + very warm
	   Reacted quickly and 
   immediately

	    Zinc 
	 Lots of small bubbles
 Medium warm
	   Reacted quickly and 
   immediately




E. Reactions with Copper (II) Nitrate

	      Metal
	Observation on solution
	    Observation on metal

	    Copper
	   No change in color
	   Copper color black
   discoloration

	    Iron
	   No change in color
	   Blackish silver to
   copper color

	    Lead
	   No change in color
	   Black to light brown

	    Magnesium
	  Green color + Warm
  Slowly bubbling
	  Silver to blackish blue
  Dissolving steadily

	    Zinc 
	  light green color
	  Silver to black dull







Post Lab Questions:

4. Based on your observations, rank the metals (symbol) studied in this experiment from the most reactive to the least reactive

_______       _______        _______        ________         ________        _______
Most                                                                                                                    Least
Reactive                                                                                                              Reactive




5. Briefly explain how you used your observations to establish this ranking of the metal reactivities.






6. Write balanced chemical equations for the following reactions.

[bookmark: _Hlk41321414]Calcium   +   Water  →   ___________________

Magnesium  +  Hydrochloric Acid  →   ___________________


           Zinc   +   Copper (II) Nitrate   →   ___________________
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PHYSICAL AND CHEMICAL CHANGES

Objective

The objective of this experiment is to learn how matter
can be changed physically and chemically. You will make
observations that allow you to distinguish between physical and
chemical changes.

Introduction

A sample of matter can be classified according to the
physical and chemical properties it exhibits. Changes in which
the physical properties of a substance are altered are called
physical changes, while changes in which chemical propertie
altered are called chemical changes.

A physical change is one that alters a physical property
of a substance without changing its chemical identity. Breaking
a piece of glass into small pieces is an example of a physical
change. The broken glass still has the same chemical composition
and the same chemical properties as the original piece of glass,
but the external form of the glass has changed. If liguid water
is placed in a freezer, it will change to a solid in a process
called freezing. This is another example of a physical change
because only the state of the substance has changed. It is sti
water after it has solidified. Melting, which is the reverse of
freezing, and evaporation, which involves a change from the
liquid to the vapor state, are additional examples of physical
changes .

As another example, consider what happens when table
(sodium chloride, NaCl) is added to water and dissolved, Af
the salt has dissolved in the water, you no longer see the
white, crystalline solid. However, a change in chemical
tomposition has not occurred. The mixture Still contains the
wates molecules, the sodium ions, and the chloride ions that
wore present in the original substances. The water and the salt
“ve not converted to other types of substances when they are
mixed together. This dissolving process is a physical change.

A characteristic of many physical changes is the fact
they caneaily be reveraed by changing the direction of b
10y, For example, liquid water can be converted to the solid
state, or ice, by removing heat energy. This physical change,
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Consider a solution containing salt dissolved in wape,

solution {s a mixture. If the water is allowed to ey,
so0lid. The water vapor ., )

salt will remain behind as a
condensed back to liquid water. The

components of ¢}

can be separated and obtained in their original form p,
the physical changes of evaporation and condensat
Chemical changes are changes in which substar
For example, sodium, 4

transformed into new substances.
soft, shiny metal, undergoes a che
combined with water. The sodium and water rea
sodium hydroxide and hydrogen gas. The heat produced
reaction is often sufficient to cause the hydrogen to iq
burn. This reactivity of sodium with water is a
property of the sodium. The change is a chemical
the original substances, sodium and water, are transf
new substances, sodium hydroxide and hydrogen.

cal change w

£o' 5

As another example, consider what happens when
chlorine, which is a green-yellow gas, are combined.
substances come in contact, a rather incredible thing i
Large amounts of heat and light energy are produced. Whe
reaction subsides, the sodium and chlorine are gone. Th
replaced by an entirely new substance - the compound so
chloride. The new compound has chemical properties that
entirely different from those of the substances from wh
¥as made. For example, the sodium chloride does not re
water as sodium does. It is ordinary table salt. The pr
hat occurs when sodium and chlorine are mixed is a chemi
change.

In the laboratory, there are certain observation
be made to determine whether a chemical change has occurred
Energy in the form of heat may be absorbed or released d
chemical change. This can produce a temperature change t
Might be observed by the sense of touch. Energy in the £
light is released in some chemical changes. This can be obser
Vvisually. The products of chemical changes are frequentl,
% (2foiuble precipitates. Visyal obscrvation of the ma
Of bubbles or a solid in a reaction mixture might indicat
a chemical change is occurring. Finally, many chemicals have
hazacteristic colors, Visually obseryed color changes ma
indicate chemical changes,
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Materials

sand (0.5 g per group)
sodium chloride (Nacl) (0.5 g per group)
0.3 M silver nitrate (AgNO;) (5 drops per group)

toothpicks (3 per group)
filter paper (2 pieces per group)

Safety Precautions

Do not touch hot glass. Use gentle boiling for
evaporating a liquid. Avoid skin contact with the silver
nitrate solution.

Procedure

Tt is recommended that students work in groups of 2
for this experiment.

A. Changes involving wood

1. Wear chemical splash-proof goggles at all time while in
the laboratory. Your goggles must be approved by your
instructor as complying with state eye-protection laws.

2. Break three toothpicks into small pieces. Put the pieces
into a 25x200-mm test tube.

3, Heat the test tube strongly with a Bunsen burner
several minutes. Record your observations.

B. Changes involving sand and sodium chloride

1. Measure out 0.50 g samples of sand and sodium chloride on
different pieces of weighing paper.

0 mbL

together in a 250-mL beaker. Add

2. Mix the two samples
Observe what happens to the sand and to

of water and stir.
the sodium chloride.

3, set up a gravity filtration assembly as follows:

support a funnel on a ring stand using your iron ring
and clay triangle.

a.

4
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Determine the mass of a clean, dry 250-mL beaker.
Add one half of your filtrate from step 4 to this beaker
and record the volume of filtrate added. Save the other
half portion of the filtrate for step 10.

Place the beaker on the ring stand and gently boil the

filtrate until all the water evaporates and the remaining
substance is completely dry. Then allow the beaker to

cool,
Determine the mass of the beaker and the substance it

contains. Calculate the mass and record the appearance of
the substance remaining in the beaker.

Set up a filtration assembl
as d i
filter the mixture from steg o

on a watch glass. Record the ppeay ance
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Once the experiment is completed, clean off all equipment
and glassware that you used during this experiment and
Teturn them to their proper locations. You must clean off
Your work area and wash your hands thoroughly with
detergent and water before you leave the laboratory.
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Prelaboratory Assignment

1. Classify the follo:

wi
chemical changes, - D:°°®SSes as physical changes or

B SEXETSion OF £y compounds into ) solution)
€. Conversion of two elements into a compound.

2. whzn Sugar ls added to water, it dissolves. Does the sugar
undergo a physical change or a chemical change? Explain.

3. When ethanol is burned, it is converted into carbon dioxide
and water. Does the ethanol undergo a physical change or a

chemical change? Explain.
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