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Name ______________________________________________ Unit 6 Vocabulary (Topic 6 in Review Book) 

1. ionic bond 
 

 

2. octet rule 
 
 

 

3. covalent bond 
 

 

4. double covalent bond 
 
 

 

5. triple covalent bond 
 
 

 

6. polar covalent bond 
 
 

 

7. nonpolar covalent bond 
 
 

 

8. asymmetrical molecule 
 
 

 

9. symmetrical molecule 
 
 

 

10. van der Waals forces 
 
 

 

11. dipole dipole forces 
 
 

 

12. hydrogen bonding 
 
 

 

13. metallic bonding 
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Complete the “Dogs Teaching Chemistry” edpuzzle. As you watch the video and answer the 
questions, record the correct answers to each question in the space provided below.  
 
1. Which subatomic particle is involved in chemical bonding? 

 
 

2. Where are electrons found within the atom? 
 

 
3. An ionic bond forms when… 

 
 

 
4. The bond formed is called ionic because it contains two ions with opposite _________________. 

 
 

5. What is a negatively charged ion called? 
 
 

6. How do the atoms behave during a covalent bond? 
 
 

7. What type of sharing occurs in a polar covalent bond? 
 
 

8. What types of atoms must a covalent bond form between for there to be a COMPLETELY 
EQUAL sharing of electrons? 
 
 

9. What property of atoms is different that causes the sharing of electrons to be unequal in a 
chemical bond? 
 

10. Using Reference Table S, which two atoms would have the most unequal sharing of 
electrons due to the largest difference in electronegativity values: 
a. Na and F 
b. Na and O 
c. Na and C 
 

11. Using the note at the end of the Edpuzzle, what is the main difference between a nonpolar 
covalent and polar covalent bond? 
 
 

12. What were the three types of chemical bonds mentioned in the video? 
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Aim: Why do atoms bond? Properties of Metallic, Ionic and Covalent Bonding. 

WHAT IS A CHEMICAL BOND? 

• Intramolecular bond: _______________________________________________________________ 

_________________________________________________________________________________ 

o __________________________________________________________________________ 

 

 

• ___________________________________________________________ 

Two ways that bonding results in a more stable atom: 

 

 

 

• ________________________________________ •   _______________________________________ 

________________________________________ •   _______________________________________ 

METALLIC BONDS 

• ____________________________________________________________ 

________________________________________ 

 

• ____________________________________________ 

 

• ____________________________________________________________ 

____________________________________________________________ 

____________________________________________________________ 

A metallic bond contains a mobile 

valence electrons, making them 

excellent conductors in all phases. 
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IONIC BONDS 

• _________________________________________________________ 
 

• _________________________________________________________ 

 

o ___________________________________________________ 

  

• ________________________________________________________  

 

• __________________________________________________________________________ 

_________________________________ 

 

• _________________________________________________________________________ 

 

• __________________________________________________________________________ 

__________________________________________________________________________  

(To conduct electricity you must have moving charged particles) 

 

WHY DO “SALTS” CONDUCT WHEN DISSOLVED IN WATER? 

 

• Dissociation: _____________________ 

_________________________________ 

_____________________________________________ 

_____________________________________________ 

 

• ______________________________________ 

 

• _____________________________________________ 

_____________________________________________ 
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COVALENT BONDS 

• _________________________________________________________ 

 

• _________________________________________________________ 

 

• _________________________________________________________ 

 
 

 
 
             NONPOLAR COVALENT BOND                     POLAR COVALENT BOND 
 

• ________________________________________         • _____________________________________ 

________________________________________             _____________________________________ 

________________________________________         ______________________________________ 

    THEREFORE       THEREFORE 

____________________________________           _______________________________________ 

 

COVALENT BOND PROPERTIES 

• ____________________________________________________________ 

      ____________________________________________________________  

 

• ____________________________________________________________  

                      _________________________________ 

 

• ____________________________________________________________ 

 

• ____________________________________________________________  

          ____________________________________________________________ 

 

• ____________________________________________________________ 
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DETERMINING BOND TYPES USING ELECTRONEGATIVITY 

• Bond type between atoms can be determined in two ways: 

o Examining the types of atoms involved in the bond. 

o Examining the difference in electronegativity values and the valence electron behavior. 

To determine if a bond is ionic or covalent: 

• Examine the differences in electronegativity values between the atoms. 
 
IONIC: a bond between a metal and nonmetal atom w/ an electronegativity difference of 

usually 1.7 or greater. 

o The electrons are so unevenly pulled in one direction that the metal loses its valence 

electrons to the nonmetal. 

 

COVALENT: a bond between two nonmetal atoms. The electronegativity difference is  

between 0 - 1.7. 

o The electrons are pulled by both nonmetals and will need to compromise by sharing.  

o Electrons will either be shared equally by identical nonmetals or unequally and pulled 

towards the side of the more electronegative nonmetal. 

 
Predict the type of bonding present in each of the molecules below using differences in 
electronegativity. If covalent, indicate polar covalent or nonpolar covalent. 

 

Chemical Formula Electronegativity Difference Bond Type 

Example: CH4 C= 2.6     H= 2.2   2.6 – 2.2 = 0.4 Covalent/Polar Covalent 

1. NaCl 
 

  

2. H2O 
 

  

3. AlCl3 
 

  

4. F2 
 

  

5. CO2 
 

  

6. OF2 
 

  

7. SrO 
 

  

8. CaCl2 
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Name ________________________________________________________________________________ 
Types of Chemical Bonds 

1. CaCl2   _______________ 

2. CO2  _______________ 

3. H2O  _______________ 

4. BaSO4  _______________ 

5. K2O  _______________ 

6. NaF  _______________ 

7. Na2CO3 _______________ 

8. CH4  _______________ 

9. SO3  _______________ 

10. LiBr  _______________ 

11. MgO  _______________ 

12. NH4Cl  _______________ 

13. HCl  _______________ 

14. KI  _______________ 

15. NaOH  _______________ 

16. NO2  _______________ 

17. AlPO4  _______________ 

18. FeCl3  _______________ 

19. P2O5  _______________ 

20. N2O3  _______________ 
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Ionic Bonding 
Complete each of the following sentences by filling in the appropriate word or phrase from the list below: 
 
  Negative   noble gas     octet    electron configuration 
  Positive   ions      valence electrons  polyatomic 
  Charge balancing  anion      cation   empirical formula 
 

1. An ionic bond is an attraction between oppositely charged __________________________. 

2. Anions have a ______________________________ charge. 

3. An atom becomes an ion by losing or gaining _____________________________________. 

4. The ______________________ rule states that atoms tend to gain, lose, or share electrons in order to 

acquire a full set of valence electrons. 

5. When sodium and chlorine form an ionic bond, both ions acquire the electron configuration of a(n) 

_____________________________________. 

6. The atoms that make up _____________________________________ ions are bonded together by 

covalent bonds. 

7. The ____________________________________ method can be used to write the formula for an ionic 

compound. 

8. The ________________________________________ of a compound denotes the ratio of ions in the 

compound. 

If the statement is true, write “true.” If it is false, change the underlined words to make the statement true. 
Write your answer on the line. 

 
9. ____________________________ Calcium becomes a monatomic cation by gaining two electrons. 

 
10. ____________________________ A cation has a positive charge. 

 

11. ____________________________ A binary ionic compound contains only one kind of cation and one  
   kind of anion. 

12. ____________________________ Monatomic ions consist of more than one atom. 
 

13. ____________________________ The Lewis dot diagram for chlorine, a group 17 element has six electrons. 
 

14. ____________________________ A great deal of energy is absorbed when bonds are formed during ionic  
   compound formation. 
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Covalent Bonding 
If the statement is true, write “true.” If it is false, change the underlined words to make the statement true. 
Write your answer on the line. 

 
1. ____________________________ A group of atoms united by ionic bonds is called a molecule. 

 
2. ____________________________ A covalent bond is formed by a shared pair of electrons. 

 

3. ____________________________ A double covalent bond consists of two shared electrons.  
    

4. ____________________________ A molecular formula tells you how many atoms are in a single molecule  
                of the compound. 

 
5. ____________________________ The empirical formula for a molecule specifies which atoms are bonded to  

   each other in the molecule. 
 

6. ____________________________ A pair of electrons not involved in bonding is called a shared electron pair. 
 

7. ____________________________ In nonpolar covalent bonds, the electrons are shared unequally between  
   two atoms. 
 

8. ____________________________ Lewis structures use a triple dash to represent a double bond. 

Use your Chemistry Reference Tables, Table S, to calculate the electronegativity differences between each 

pair of elements listed in the chart below. Then indicate whether the bond would be nonpolar covalent, polar 

covalent, or ionic. Write your answers in the chart. 

  Electronegativity Difference Type of Bond 

9 H--O   

10 H--H   

11 K--F   

12 N--H   

13 Na--F   

14 O--Cl   
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A) A bond is broken as energy is absorbed.
B) A bond is broken as energy is released.
C) A bond is formed as energy is absorbed.
D) A bond is formed as energy is released.

1. Given the equation representing a reaction:

Which statement describes the energy change in this
reaction?

A) 1 B) 2 C) 3 D) 4

2. Given the formula for hydrazine:

How many pairs of electrons are shared between the
two nitrogen atoms?

A) B B) O C) Li D) Ne

3. Which symbol represents an atom in the ground state
with the most stable valence electron configuration?

A) As B) Bi C) N D) P

4. Which element has an atom with the greatest attraction
for electrons in a chemical bond?

A) Electrons are shared and the bonding is ionic.
B) Electrons are shared and the bonding is covalent.
C) Electrons are transferred and the bonding is ionic.
D) Electrons are transferred and the bonding is

covalent.

5. What occurs when potassium reacts with chlorine to
form potassium chloride?

A) H2

B) CH4

C) CH3OH
D) NH4 Cl

6. Which formula represents an ionic compound?

A) H – Br
B) H – Cl

C) I – Br
D) I – Cl

7. Which pair of atoms has the most polar bond?

A) ionic
B) polar covalent

C) nonpolar covalent
D) metallic

8. What type of bond exists in a molecule of iodine?

A) a metallic element
B) a radioactive element
C) a molecular compound
D) an ionic compound

9. A sample of a substance has these characteristics:

• melting point of 984 K
• hard, brittle solid at room temperature 
• poor conductor of heat and electricity as a solid
• good conductor of electricity as a liquid on in an
aqueous solution 

This sample is classified as

A) a polar covalent bond with an electronegativity
difference of zero

B) polar covalent bond with an electronegativity
difference between zero and 1.7

C) a nonpolar covalent bond with an electronegativity
difference of zero

D) a nonpolar covalent bond with an electronegativity
difference between zero and 1.7

10.What type of bond exists in a molecule of hydrogen
iodide?

A) electrovalent
B) ionic

C) nonpolar covalent
D) polar covalent

11. Two atoms of element A unite to form a molecule with
the formula A2. The bond between the atoms in the
molecule is

A) At STP, carbon has a greater density than
fluorine.

B) A carbon atom has more valence electrons than a
fluorine atom.

C) The difference in electronegativity between
carbon and oxygen is greater than that between
fluorine and oxygen.

D) The difference in first ionization energy between
carbon and oxygen is greater than that between
fluorine and oxygen.

12. Which statement explains why a C-O bond is more
polar than a F-O bond?

A) CO B) KF C) CaO D) LiH

13. Which compound would most likely have the greatest
ionic character?





A) P–Cl
B) Br–Cl

C) H–Cl
D) O–Cl

14. Which pair of elements forms a bond with the least
 ionic character?

A) fewer in number and less strongly held
B) fewer in number and more strongly held
C) greater in number and less strongly held
D) greater in number and more strongly held

15. Compared to the valence electrons of a nonmetallic
atom, the valence electrons of a metallic atom are
generally
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TYPES OF CHEMICAL BONDS 

     IONIC       NONPOLAR COVALENT          POLAR COVALENT                  METALLIC  

 

Bond between…                  Bond between…     Bond between…        Bond between… 

 

 

What happens with  what happens with   What happens with         What happens with 

Electrons?    Electrons?     Electrons?          Electrons? 

 

 

 

 

 

 

En difference range  en difference range   en difference range       en difference range 

 

 

 

Additional Information Additional Information            Additional Information                Additional Information 
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Aim:   1) To use Lewis dot diagrams to represent the valence shells of metal and nonmetal atoms and ions. 

2) To draw ionic compound structures based on how electrons transfer from the metal to nonmetal  

    to give atoms a stable octet. 

 

Resources: NYS Chemistry Reference Tables and 

the Periodic table. 

 

New Concept: Formation of an ionic bond as 

represented in a lewis structure. 

 

Prerequisites: Definition of an atom and ion, knowledge of valence electrons, knowledge of charges on ions 

formed by metals and nonmetals, definitions of ionization energy and electronegativity, knowledge that 

positive and negative charges strongly attract each other 

 

 

Atomic Structure Review 

1. What type of electrons are represented in a lewis dot diagram?  

 

2. What is a valence electron? 

 

3. How can you determine the number of valence electrons in an atom? 

 

 

Model 1: Read the passage below and answer the questions that follow. 

Why? 

The chemical properties of an element are based on the number of electrons in the outer shell of 

its atoms. We use Lewis dot structures to map these electrons in order to identify stable electron 

configurations. Most atoms tend to lose or gain electrons in order to achieve noble gas stability, 

this is known as the octet rule. For example, the metal sodium will react violently with the gas 

chlorine, but once the elements form the compound sodium chloride (table salt) they are very 

stable due to the stable electron configuration. An ionic bond is a bond which has formed from a 

metal atom losing its valence electrons to the nonmetal atom. This results in the formation of a 

cation and anion which attract together due to the presence of opposite charge. 

Key Questions 

4. How many valence electrons does a chlorine atom have? How many does a chloride ion? 

 

 

5. In general terms, what is the difference between an atom and an ion? 

 

 

6. Explain the “octet” rule of valence electrons and how it relates to the formation of ions. 

 

7. In general, how do metals form ions to achieve a stable noble gas configuration? 
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8. In general, how do nonmetals form ions to achieve a stable noble gas configuration? 

 

 

9. Based on the number of valence electrons for each element, why don’t elements in group 18 

readily form compounds with other elements? 

 

 

10. Why are the valence electrons of an atom the only electrons likely to be involved in bonding with 

other atoms? 
 
 

11. What is an ionic bond? Explain, with regards to valence electrons, how an ionic bond forms 

between a metal and nonmetal.  

 

 

 

 

Exercises 

1. Write the chemical formula for the 

compound potassium bromide. Determine 

the charge on the potassium ion and the 

charge on the bromide ion. 

 

 

 

 

 

2. Draw the electron dot diagrams for an atom 

of potassium and an atom of bromine. 

 

 

3. Draw the electron dot diagrams for an ion of 

potassium and an ion of bromine. How did 

valence electrons change after each ion was 

formed? 

 

 

 

 

 

4. Explain why the ions in the potassium bromide 

compound are attracted to one another. 
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MODEL 2 

Ionic Bonding in Magnesium Oxide and Aluminum Fluoride 

 

Example 1: When magnesium oxide is formed, the magnesium metal must lose its two valence 

electrons to become stable and the oxygen nonmetal must gain 2 valence electrons to become stable. 

Magnesium forms a positive ion which attracts to the negative oxide ion. This “attraction” between 

this oppositely charged ions is called an ionic bond. 

 

Formula: MgO. Formed from Mg+2 and O-2, one ion of each to form a stable, neutral compound.  

 
Example 2: When aluminum fluoride is formed, the aluminum metal must lose its 3 valence 

electrons to become stable but a fluorine atom can only gain 1 valence electron to become stable (F 

has 7 valence electrons).  

 
Therefore to form a compound, 1 aluminum atom must bond with 3 fluorine atoms. 

 
 

The aluminum can now lose its 3 valence electrons and each of the 3 fluorine atoms each gain the 1 

valence electron they need to fill their valence shells. 

 

Formula: AlF3. Formed from Al+3 and F-, one Al+3 ion and 3 F- ions to form a stable, neutral 

compound.  
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5. Write the chemical formula then draw the lewis dot diagram of the ionic compound for the 

following substances. Be sure to stagger the ions so the opposite charges are next to each other 

because LIKE CHARGES REPEL and cannot be next to one another!!. 

 

Example: Sodium oxide Chemical Formula: ___Na2O_______ 

Lewis dot diagram:  

 

 

 

 

 

a. Potassium iodide Chemical Formula: _______________ 

Lewis dot diagram:  

 

 

 

 

 

 

b. Magnesium fluoride Chemical Formula: ________________ 

Lewis dot diagram:  

 

 

 

 

 

 

c. Beryllium oxide Chemical Formula: _________________ 

Lewis dot diagram:  

 

 

 

 

 

 

d. Aluminum chloride Chemical Formula: _________________ 

Lewis dot diagram:  
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Lewis Dot Diagrams for Ionic Compounds 
For each of the following compounds:  

1. Identify the metal  
2. Identify the nonmetal  
3. Write the ions with the charges  
4. Draw the Lewis dot diagram for the compound.  

 

Example: Magnesium phosphide, Mg3P2           Lewis Diagram:  

Metal _magnesium__                                                                                 
Nonmetal _phosphorus______ 
Ions present (w/ charges) __Mg+2, P-3____ 

  
YOU DO NOT HAVE TO SHOW THE ELECTRON TRANSFER. YOU JUST NEED TO SHOW THE FINAL LEWIS 

STRUCTURE WITH IONS IN BRACKETS.  
1. Aluminum bromide,  AlBr3 
 
Metal ______________ 
Nonmetal ________________ 
Ions present (w/ charges) ____________  
 
 
 
 
  
2.  Sodium iodide, NaI 
 
Metal ______________ 
Nonmetal ________________ 
Ions present (w/ charges) ____________ 
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3.  Calcium fluoride, CaF2 
 
Metal ______________ 
Nonmetal ________________ 
Ions present (w/ charges) ____________ 

  
4.  Sodium sulfide, Na2F 
 
Metal ______________ 
Nonmetal ________________ 
Ions present (w/ charges) ____________ 

 

  
5.  Barium oxide, BaO 
Metal ______________ 
Nonmetal ________________ 
Ions present (w/ charges) ____________ 

  
6.  Lithium nitride, Li3N 
7.  
Metal ______________ 
Nonmetal ________________ 
Ions present (w/ charges) ____________ 

 

 

 

  
8.  Aluminum chloride, AlCl3 
Metal ______________ 
Nonmetal ________________ 
Ions present (w/ charges) ____________ 

 

 

 

  
9. Potassium phosphide, K3P 
Metal ______________ 
Nonmetal ________________ 
Ions present (w/ charges) ____________ 
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Ionic Bonding- Drawing Lewis Dot Diagrams 

• Show the transfer of electrons and bonds formed for the following elements.  

• You must make sure you have a neutral compound (all cation and anion charges must cancel out). 

• Write the chemical formula of the compound that indicates the number of each ion present using the 
appropriate subscripts. 
 

1. K + F 
Formula: _____________ 

 

 

2. Mg + I 
Formula: _____________ 

 

 

 

 

 

3. Be + S 
Formula: _____________ 

 

4. Na + O 
Formula: _____________ 

 

 

 

5. Al + Br 
Formula: _____________ 
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Drawing Covalent Lewis Structures 
 

Remember, every single bond contains 2 electrons shared between the atoms. 
 

1.  Determine the total number of valence e-    Example: NF3 

for the molecule. (Sum of all valence electrons).  

 

 

2. Arrange the atoms and put pairs of e- between  

them using single bonds.  

• The least electronegative atom goes in the  

center (EXCEPT for hydrogen, H only gets 1 bond) 

 

 

 

3. Distribute the remaining e- in pairs around 

    the atoms to give each atom 8e-. 

• (Except Hydrogen, H only needs 2e-) 

 

 

 

4. Indicate the type of bond between atoms  

     (polar covalent or nonpolar covalent) 

 

 

 

5. If you can't make all atoms have octets, start over.   Example: O2 

Try a double or triple bond between two of the atoms  

until all atoms have full valence shells. 
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Practice 

Draw lewis dot diagrams for the following molecules: 

1. H2O 

 

 

 

 

2. HCl 

 

 

 

 

3. PF3 

 

 

 

 

4. CF4 

 

 

 

 

5. SO2 
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***Three covalent lewis structures with multiple bonds you should memorize…*** 

N2      CO2      O2 

 

 

 

 

 

 

1) F2 

 

 

 

 

 

 

 

2) HCl 

 

 

 

 

 

 

3) PH3 

 

 

 

 

 

4) Cl2 

 

 

 

 

 

 

 

5) OF2 

 

 

 

 

 

 

6) CH3Cl 

 

 

 

 

Draw the Lewis Structure for each Covalent Molecule. Be sure to label partial 

charges using electronegativity values and indicate the bond type present 

between atoms. 
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7) NBr3 

 

 

 

 

 

 

8) H2O 

 

 

 

 

 

 

9) H2S 

 

 

 

 

 

 

10) CF4 

 

 

 

 

 

 

11) GeO2 

 

 

 

 

 

 

12) CS2 

 

 

 

 

 

 

13) CO 

 

 

 

 

 

 

14) NCl3 

 

 

 

 

 

 

 

 

 



Name: _______________________________________________________ Date: _______________ 
Unit 6: Chemical Bonding 

24 
 

Covalent Lewis Structures Practice 2 

Draw the Lewis structures for the following: 

a) NF3 

 

 

 

b) CH4 

 

c) F2 

 

 

 

d) O2 

 

 

 

e)  H2O 

 

 

 

f)  SCl2 

 

 

 

g) PCl3 

 

 

 

h) HCN 
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Covalent Lewis Structures Practice 3 

Draw the best Lewis structures for the following molecules: 

a) PBr3 
 

 

 

 

e)  SiO2 

b)  C2H2 
 

 

 

 

f)  CO2 

c)  H2Te 
 

 

 

 

g) C2H4 

d) I2 
 

 

 

 

h)   Br2 
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Do Now 

 

1. Draw the lewis structure for HCl. 

 

 

 

 

2. If the penguin represents the hydrogen atom and the polar bear represents the 
chlorine atom, what does the ice cream represent in the drawing? What do you think 
the picture is trying to illustrate? 

 

 

 

 

3. Using values of electronegativity, assign a “partial” positive charge using the symbol, δ+ 
and a “partial” negative charge using the symbol, δ- ,to each atom in the molecule of HCl 
you drew in question 1. 

 

4. A molecule of water, H2O also has partial charges as shown on the right. 
Do you think water molecules would be attracted to a magnet? Explain 
your thinking. 
 

 

5. Why are the charges on these molecules only “partial” and not full charges, like in 
ionic substances? 
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Molecular Polarity- Please label partial charges where needed and check for symmetry in each of the 
following molecules. 

 
a) H2                        e) HCl   

 

Bond type=_________________    Bond type= _________________ 

Molecule polarity= _________________  Molecule polarity= __________________ 

 

b) H2O                        f) NH3 

 

 

 

Bond type=_________________    Bond type= _________________ 

Molecule polarity= _________________  Molecule polarity= __________________ 

 

c) CH4           g) CH3Cl 

 

 

 

 

Bond type=_________________    Bond type= _________________ 

Molecule polarity= _________________  Molecule polarity= __________________ 

 

d) CO2            h) CF4 

 

 

 

 

Bond type=_________________    Bond type= _________________ 

Molecule polarity= _________________  Molecule polarity= _________________ 
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Name _________________________________________________________________________ 
 
Polarity of Bonds and Molecules 
 
Directions: For each of the following formulas, draw the structure, determine if the bonds are polar or 
nonpolar, and determine if the molecule is polar or nonpolar.  
 

Molecule Structure P or NP Bonds? P or NP Molecule? 

1. CH4    

2. PH3    

3. Cl2 
 

   

4. H2S    

5. NF3    

6. CS2    

7. GeO2    
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A) HI B) HF C) HCl D) HBr

1. The least polar bond is found in a molecule of

A)
B)

C)

D)

2. Which formula represents a nonpolar molecule
containing polar covalent bonds?

A) C and C
B) C and O

C) H and C
D) H and O

3. Given the formula:

The bond between which two atoms has the greatest
degree of polarity?

A)
B)

C)

D)

4. Which molecule has a nonpolar covalent bond?

A) a different molecular structure and different
properties

B) a different molecular structure and the same
properties

C) the same molecular structure and different
properties

D) the same molecular structure and the same
properties

5. At STP, solid carbon can exist as diamond and graphite.
Compared to the molecular structure and chemical
properties of  diamond, graphite has

A) CH4 B) HCl C) H2O D) NH3

6. Which formula represents a nonpolar molecule?

A) H2 B) H2O C) CO2 D) CCl4

7. Which formula represents a polar molecule?

A) melting points of the elements in the compound
B) densities of the elements in the compound
C) electronegativities of the bonded atoms in a

molecule of the compound
D) atomic masses of the bonded atoms in a molecule

of the compound

8. The degree of polarity of a chemical bond in a molecule
of a compound can be predicted by determining the
difference in the

A)

B)

C)

D)

9. Which electron-dot formula represents a substance that
contains a nonpolar covalent bond?

A) The charge distribution is symmetrical and the
molecule is nonpolar.

B) The charge distribution is asymmetrical and the
molecule is nonpolar.

C) The charge distribution is symmetrical and the
molecule is polar.

D) The charge distribution is asymmetrical and the
molecule is polar.

10.Which statement describes the charge distribution and
the polarity of a CH4 molecule?

A) Electrons are shared between the carbon atoms
and the hydrogen atoms.

B) Electrons are transferred from the carbon atoms
to the hydrogen atoms.

C) The distribution of charge in the molecule is
symmetrical

D) The distribution of charge in the molecule is
asymmetrical.

11. Given the formula representing a molecule:

Which statement explains why the molecule is
nonpolar?





A) stronger covalent bonds
B) stronger intermolecular forces
C) weaker covalent bonds
D) weaker intermolecular forces

12. At STP, fluorine is a gas and bromine is a liquid
because, compared to fluorine, bromine has

A) NaBr–nonpolar covalent
B) HCl–nonpolar covalent
C) NH3–polar covalent
D) Br2–polar covalent

13. Which substance is correctly paired with its type of
bonding?

A) It is polar and forms a polar molecule.
B) It is polar and forms a nonpolar molecule.
C) It is nonpolar and forms a polar molecule.
D) It is nonpolar and forms a nonpolar molecule.

14. Two fluorine atoms are held together by a covalent
bond. Which statement correctly describes this bond?

A)
B)

C)

D)

15. Which structural formula represents a polar molecule?

A)

B)

C)

D)

16. Which diagram best represents a polar molecule?

A)

B)

C)

D)

17. Which electron dot formula represents a nonpolar
molecule?

A) the hydrogen end, which is the positive pole
B) the hydrogen end, which is the negative pole
C) the oxygen end, which is the positive pole
D) the oxygen end, which is the negative pole

18. In aqueous solution, a chloride ion is attracted to
which end of the water molecule?

19. Base your answer to the following question on your
knowledge of chemical bonding and on the Lewis
electron-dot diagrams of H2S, CO2, and F2 below.

Explain, in terms of structure and/or distribution of
charge, why CO2 is a nonpolar molecule and H2S is a
polar molecule.





20. Base your answer to the following question on the information below and on your knowledge of
chemistry.

A sample of seawater is analyzed. The table below gives the concentration of some ions in the
sample.

Using the key, draw two water molecules in the box, showing the orientation of each water molecule
toward the calcium ion.
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Aim: What are the types of forces that influence particle attractions? 

Different substances will have different forces of attraction (Intermolecular forces) between their molecules 

based upon their properties.  

The following materials at your station: water, ethanol and a penny.  
1. Using the pipette, place the water one drop at a time on the coin.  
2. Keep track of how many drops can fit on the coin before spilling off. 
3. Note the appearance of the drops of water on the coin and record any observations as the 

number of drops increases. 
4. Carefully unwrap the beaker of ethanol and repeat the above procedure using the ethanol. 
5. Be sure to cover the beaker of ethanol again with the parafilm when you are finished. 

 

Water observations Ethanol Observations 

 
Number of drops= __________________ 
 
 
 
 
 
 

 
Number of drops= __________________ 
 

Question: Which substance has the stronger intermolecular force of attraction between its’ molecules? 
Explain. 
 
 
 

 

Intramolecular bond: ________________________________________________________________________ 

__________________________________________________________________________________________

__________________________________________________________________________________________ 

 

 

 

Intermolecular force (IMF): ___________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 
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Types of Intermolecular Forces 

• ________________________________ 

• ________________________________ 

• ________________________________ 

 

OTHER TYPE OF FORCE: 

• ________________________________ 

 
           H2O           H2S   
Boiling point= 100 °C Boiling point= -61 °C 
 

Based on the boiling 

points shown, compare  

the forces of attraction 

of H2O to H2S? 

 
 
 
 

HYDROGEN BONDING 

• ____________________________________________________________ 

 

• _______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

 

 

 

• ______________________________________________________________________________ 

 
DIPOLE-DIPOLE FORCES 

• ____________________________________________________________ 

• ____________________________________________________________  

      ___________________________________________________________ 
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VAN DER WAAL’S FORCES (WEAK FORCES) 

• _________________________________________________  

 

• _________________________________________________ 

_________________________________________________ 

 

• _________________________________________________ 

 

 

• _________________________________________________ 

_________________________________________________ 

 

 

MOLECULE-ION ATTRACTIONS 

 

• ________________________________________________  

       ________________________________________________ 

 ________________________________________________ 

 ________________________________________________ 

 

 

• ________________________________________________ 

 



Intermolecular Forces of Attraction 

35 
 

• Intermolecular Forces are the attractions BETWEEN discrete, individual molecules that 

determine the properties of a substance (MP, BP, phase, etc). 

• The following intermolecular forces are listed in order of strongest to weakest. 

 

1. Hydrogen Bonds- HF, H2O, and NH3 

a. Occurs when hydrogen is bonded to very small 

and electronegative atoms (N, O, F only!!) 

b. Very strong dipole attractions between particles 

c. Molecules with hydrogen bonding will have the 

highest M.P. and B.P. when compared to similar 

covalent substances (Ex- H2O has a boiling point 

of 100°C while H2S boils at -62°C) 

d. Soluble in water because molecules are polar 

(like polarities dissolve) 

e. Poor conduction of electricity because electrons 

are not mobile and NO IONS are present (e- are 

shared) 

 

2. Dipole-Dipole Interactions- 

a. Occurs between polar molecules that have 

dipoles (asymmetrical charge distribution). 

b. Weaker than hydrogen bonds 

c. Lower M.P. and B.P. than molecules with 

hydrogen bonds.  

d. Soluble in water because molecules are 

polar (like polarities dissolve) 

e. Poor conduction of electricity between 

electrons are not mobile and NO IONS are 

present (e- are shared) 

 

3. Molecule-Ion Attractions  

ex: NaCl (aq) → Na+ (aq) + Cl- (aq) 

a. Occurs when a polar solvent dissolves an 

ionic substance and it dissociates into ions. 

b. The attractions are between the dipoles of 

the solvent and the cations and anions in 

solution. 

c. The crystal lattice of the ionic crystal is 

destroyed by the polar solvent pulling the 

ions apart (dissociation). 
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4. Van der Waals Forces (“Weak” Forces)- Examples: I2, Br2, CH4, CO2 

a. Occur between nonpolar covalent molecules with symmetry. 

b. Attractions are between a temporary dipole in nonpolar bonding due to the constant movement of 

electrons. 

c. Weakest force of attraction among covalent molecules (I2 is a solid that sublimes because it’s 

attractions between molecules are so weak) 

d. Very low M.P. and B.P. (lowest of all covalent molecules) 

e. Soluble in nonpolar solvents. 

f. Poor conduction of electricity because electrons are not mobile and NO IONS are present (e- are 

shared) 

 

 

ORDER OF BOND STRENGTH 

 

The following intramolecular bonds and intermolecular forces are listed from strongest to weakest. This 

order of strength is the general one that is following in Regents Chemistry. There are some exceptions 

but you will not be responsible for them: 

 

Intramolecular Bonds (Bonds within the molecules and crystal lattices) 

• Network 

• Ionic 

• Metallic 

• Polar Covalent 

• Nonpolar Covalent  

Intermolecular Forces (Attractions between discrete covalent molecules) 

o Hydrogen bonds 

o Dipole-dipole attractions 

o Molecule-ion attractions 

o Van der Waals Forces (weak forces) 
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Directions: Place the correct choice in the space provided. 

1) Which molecule contains a dipole? 

a. H2  b. N2   c. CH4   d. HCl 

 

2) Under similar conditions, van der Waals forces are strongest in 

a. He(ℓ)  b. Ne(ℓ)  c. Ar(ℓ)  d. Kr(ℓ) 

 

3) The strongest hydrogen bonds are formed between molecules in which hydrogen is 

covalently bonded to an element with: 

a. High electronegativity and large atomic radius 

b. High electronegativity and small atomic radius 

c. Low electronegativity and large atomic radius 

d. Low electronegativity and small atomic radius 

 

4) The attraction which exists between carbon dioxide molecules in solid carbon dioxide 

(dry ice) is due to 

a. Van der Waals forces   c. ionic bonds 

b. Molecule-ion forces   d. hydrogen bonds 

 

5) Molecule-ion attractions are found in 

a. Cu(s)  b. CO(g)  c. KBr (ℓ)  d. NaCl (aq) 

 

6) Hydrogen bonds are strongest between the molecules of: 

a. HF (ℓ)  b. HCl (ℓ)  c. HBr (ℓ)  d. HI (ℓ) 

 

7) Which formula represents a polar molecule containing polar covalent bonds? 

a. H2O  b. CO2   c. NaCl  d. Cl2 

 

8) Which atom listed below has the greatest ability to attract the electrons that form a bond 

between it and another atom? 

a. Sodium b. Magnesium  c. Aluminum  d. Chlorine 

 

9) Which molecule contains a nonpolar covalent bond? 

a. HCl  b. F2   c. CO2   d. NH3 

 

10) Which compound is ionic? 

a. HCl  b. CaCl2  c. SO2   d. N2O 
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11) Which molecule is nonpolar? 

a. H—Cl     c.    

 

 

b. O=C=O    d.  

 

 

12) Why is NH3 classified as a polar molecule? 

a. NH3 is a gas at STP 

b. Nitrogen and hydrogen are both nonmetals 

c. N—H bonds are nonpolar 

d. NH3 molecules have asymmetrical charge distribution 

 

13) The chemical bond in a hydrogen molecule, H2, is: 

a. Nonpolar covalent  c. ionic 

b. Polar covalent   d. electrovalent 

 

14) What type of bonds are present in a strip of magnesium ribbon? 

a. covalent   c. metallic 

b. ionic    d. van der Waals 

 

15) Which substance will conduct electricity in both the solid phase and the liquid phase? 

a. AgCl  b. Ag  c. H2  d. HCl 

             N 

     H               H 
              H 
 

 

   

             O 

     H             H 
 

 

   



Name: Mrs. Piersa
Regents Chemistry IMF and Polarity

A) both solids contain only ionic bonds
B) both solids contain only covalent bonds
C) solid A contains only covalent bonds and solid B contains only ionic bonds
D) solid A contains only ionic bonds and solid B contains only covalent bonds

1. A chemist performs the same tests on two homogeneous white crystalline solids, A and B. The results are
shown in the table below.

The results of these tests suggest that

A) As–Cl
B) Bi–Cl

C) P–Cl
D) N–Cl

2. Which bond is least polar?

A) hydrogen, which has the higher electronegativity
B) fluorine, which has the higher electronegativity
C) hydrogen, which has the lower electronegativity
D) fluorine, which has the lower electronegativity

3. Given the electron dot diagram:

The electrons in the bond between hydrogen and
fluorine are more strongly attracted to the atom of

A) good heat conductivity
B) good electrical conductivity
C) low melting point
D) high melting point

4. Which characteristic is a property of molecular
substances?

A) HI B) KI C) KCl D) LiCl

5. Which formula represents a molecular compound?

A) Two electrons are shared.
B) Four electrons are shared.
C) Two electrons are transferred.
D) Four electrons are transferred.

6. Which statement describes a multiple covalent bond?

A)

B)

C)

D)

7. Which formula represents a molecule having a nonpolar
covalent bond?

A) CH4 B) CaH2 C) KH D) NH3

8. Which compound has hydrogen bonding between its
molecules?

A) melting points of the elements in the compound
B) densities of the elements in the compound
C) electronegativities of the bonded atoms in a

molecule of the compound
D) atomic masses of the bonded atoms in a molecule

of the compound

9. The degree of polarity of a chemical bond in a molecule
of a compound can be predicted by determining the
difference in the

A) ionic
B) metallic

C) polar covalent
D) nonpolar covalent

10. Which type of bond exists between an atom of carbon
and an atom of fluorine?





A) polar, with a symmetrical distribution of charge
B) polar, with an asymmetrical distribution of

charge
C) nonpolar, with a symmetrical distribution of

charge
D) nonpolar, with an asymmetrical distribution of

charge

11. Which type of molecule is CF4?

A) symmetrical and polar
B) symmetrical and nonpolar
C) asymmetrical and polar
D) asymmetrical and nonpolar

12. Given the formula representing a molecule:

                            H – C  C – H

The molecule is

A) The shape of the CO2 molecule is symmetrical.
B) The shape of the CO2 molecule is asymmetrical.
C) The CO2 molecule has a deficiency of electrons.
D) The CO2 molecule has an excess of electrons.

13. Why is a molecule of CO2 nonpolar even though the
bonds between the carbon atom and the oxygen atoms
are polar?

A) Water forms more extensive hydrogen bonds
than hydrogen fluoride.

B) The covalent bond between O and H is stronger
than that between F and H.

C) Water contains more ions than hydrogen fluoride.
D) Water is more polar than hydrogen fluoride.

14. Water has a higher melting point than hydrogen
fluoride. What is the main reason for this?

A) Molecules of Br2 are polar, and molecules of I2
 are nonpolar.

B) Molecules of I2 are polar, and molecules of Br2
 are nonpolar.

C) Molecules of Br2 have stronger intermolecular
forces than molecules of I2 .

D) Molecules of I2 have stronger intermolecular
forces than molecules of Br2 .

15. Which statement explains why Br2 is a liquid at STP
and I2 is a solid at STP?

A) H2O has greater molar mass than N2.
B) H2O has less molar mass than N2.
C) H2O has stronger intermolecular forces then N2.
D) H2O has weaker intermolecular forces than N2.

16. Which statement explains why H2O has a higher
boiling point than N2?

A)

B)

C)

D)

17. Which diagram best illustrates the ion-molecule
attractions that occur when the ions of NaCl(s) are
added to water?

A) decrease
B) increase

C) remain the same

18. As the noble gases are considered in order of
increasing atomic number, the van der Waals forces
between the atoms in a given sample of each of these
gases

A) van der Waals forces
B) hydrogen bonding
C) covalent bonding
D) ionic attraction

19. Nitrogen gas will become a liquid at low temperatures
primarily because of
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Types of Solids and their Properties 

Aim: What gives solids different properties? 

Objective: Be able to classify solids as one of 4 types based on bonding and physical/chemical properties. Be 

able to arrange molecules and compounds in terms of boiling/melting temperatures 

 

Types of Solids 

• The presence of different bond types causes solids to have very different chemical and physical properties. 

• Intermolecular forces of attraction also play a role in determining the characteristics of solids. 

 

Types of solids: 

o Metallic 

o Ionic 

o Network 

o Molecular  

 

To classify a type of solid, the type of bonding present must be examined.  

  

Metallic Solid 

o Metallic solids always have metallic bonding present  

o The mobile sea of electrons present in metallic bonding affects the boiling 

and melting points. 

o The mobile electrons are the reason that metals are malleable, ductile and 

excellent conductors in both the solid and liquid phases. 

 

Molecular Solid 

o Molecular solids are made up of nonmetal atoms only 

with covalent bonds. 

o Molecular solids are soft solids with generally low 

melting points and are poor conductors. 

o The molecules are not interconnected with bonds but 

only intermolecular forces. 

Ionic Solid 

o Made up of elements that are held together by an ionic bond. 

o Ionic solids are brittle solids with very high melting and boiling points. 

o Solids have a crystal lattice structure prevent conduction in the solid phase. 

When molten or aqueous, ions become mobile which allows conduction. 
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Network Solid 

o Network solids are similar to molecular solids in that both 

are made up of only nonmetals.  

Examples: Carbon, Diamond, Graphite, Quartz 

 

 

 

o The main difference is that network solids are 

made up of an extremely strong crystal structure in 

which the molecules or atoms are bonded in a 

continuous network. 

o Covalent bonds within the molecule are interconnected, giving network solids extremely high melting and 

boiling points. 

o Network solids do not contain ions or mobile electrons and therefore are poor conductors  

(exception: Graphite) 

 

Boiling/Melting Temperature of Solids 

Highest Boiling _________________________ 

   _________________________ 

   _________________________ 

   _________________________ 

Lowest Boiling _________________________ 

 

When comparing the boiling points of solids first compare the type of solid.  If two substances are the same 

type use IMFs to determine which is lower boiling. 

 

Indicate the bond type present, classify each type of solid then arrange in order of decreasing boiling temperature: 

     Solid Bond Type        Type of Solid    

a) CO2 ________________________     ___________________ 

b) H2O ________________________     ___________________  

c) NaCl ________________________     ___________________ 

d) Mg ________________________     ___________________ 

e) SiO2 ________________________     ___________________

Diamond - C 

Graphite -C 

Quartz – SiO2 

Boiling point order: 
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Types of Solids 

Solid Bond Type Physical Traits Boiling/Melting 

Temperature 

Solubility in 

Water 

Conductivity Examples 

 

 

 

Metallic 

Have luster, 

malleable, 

ducti 

 

 

 

 

le 

High boiling (except 

mercury) 

High Melting  Conduct in the solid and 

liquid phase 

 

 

 

 

Ionic 

 

 

Brittle, 

powdery 

textur 

 

 

 

 

n color   

Low boiling  Low melting  Do not conduct in any 

phase 

 

 

 

 

Network 

 

 

Hard, 

interlock 

 

 

king bonds 

 

 

 

 

Very high boiling 

temperatures 

Very High Melting 

temperature 

 Do not conduct in any 

phase 

 

 

 

Molecular 

 

 

Grainy textu 

 

 

 

re 

High boiling  High melting   Do not conduct as a 

solid, however they 

conduct in the liquid 

phase, or when 

dissolved in a solvent 

 

  


