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Unit 4 – Chemical Bonding 

 

At the end of this unit, you’ll know that / be able to… 

 
� Compounds can be differentiated by their chemical and physical properties 

� Two major categories of compounds are ionic and molecular (covalent) compounds. 

� Chemical bonds are formed when valence electrons are: transferred from one atom to 

another (ionic); shared between atoms (covalent); mobile within a metal (metallic). 

� In a multiple covalent bond, more than one pair of electrons is shared between two atoms. 

Unsaturated organic compounds contain at least one double or triple bond. 

� Molecular polarity can be determined by the shape and distribution of that charge. 

� Symmetrical (nonpolar) molecules include CO2, CH4, and diatomic elements. 

� Asymmetrical (polar) molecules include HCl, NH3, and H2O. 

� When an atom gains one or more electrons, it becomes a negative ion and its radius 

increases. When an atom loses one or more electrons, it becomes a positive ion and its 

radius decreases. 

� When a bond is broken, energy is absorbed. When a bond is formed, energy is released. 

� Atoms attain a stable valence electron configuration by bonding with other atoms. 

� Noble gases have stable valence electron configurations and tend not to bond. 

� Physical properties of substances can be explained in terms of chemical bonds and 

intermolecular forces. These properties include conductivity, malleability, solubility, 

hardness, melting point, and boiling point. 

� Electron-dot diagrams (Lewis structures) can represent the valence electron arrangement in 

elements, compounds, and ions. 

� Electronegativity indicates how strongly an atom of an element attracts electrons in a 

chemical bond. Electronegativity values are assigned according to an arbitrary scale. 

� The electronegativity difference between two bonded atoms is used to assess the degree of 

polarity in the bond. 

� Metals tend to react with nonmetals to form ionic compounds. Nonmetals tend to react 

with other nonmetals to form molecular (covalent) compounds. Ionic compounds 

containing polyatomic ions have both ionic and covalent bonding. 

� Determine the noble gas configuration an atom will achieve when bonding. 

� Demonstrate bonding concepts, using Lewis dot structures, representing valence electrons: 

transferred (ionic bonding); shared (covalent bonding); in a stable octet. 

� Distinguish between nonpolar and covalent bonds (two of the same nonmetals) and polar 

covalent bonds. 
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Unit 4 - Chemical Bonding

Term Definition

Binary compound compound containing 2 ELEMENTS (example: CO)

Bond
forces of attraction that hold atoms together in a molecule or 

compound

Compound
a substance composed of two or more atoms from different 

elements CHEMICALLY bonded together

Covalent Bond

chemical bond involving the SHARING of electrons between two 

nonmetal atoms; electronegativity difference between elements 

typically LESS than 1.7

Dipole a difference in charge between 2 atoms in a bond

Dissociate
a  process in which molecules separate or split into smaller 

particles such as ions, usually in a reversible manner.

Endothermic energy is CONSUMED as a product of a chemical reaction

Exothermic energy is RELEASED as a product of a chemical reaction

Intermolecular forces 

(IMF’s)

weak forces between molecules that hold the molecules to one 

another; not actually chemical bonds

Ionic Bond

chemical bond involving the TRANSFER of electrons between a 

metal and nonmetal atom (metals lose, nonmetals gain); 

electronegativity difference between elements typically GREATER 

than 1.7

Molecule
a COVALENTLY bonded substance; can be atoms of the same 

element 

Nonpolar molecules
a molecule with equal sharing of electrons; a symmetrical covalent 

molecule

Octet Rule
atoms bond together in order to have 8 electrons in their valence 

shell

Oxidation number the “charge” an element has within a compound

Polar molecule
a covalent molecule with an unequal sharing of electrons; an 

asymmetrical covalent molecule

Polyatomic ions
atoms of two or more elements chemically bonded together and 

having a NET CHARGE

Stock system

system using Roman numerals (appearing in parentheses) after 

the element symbol to indicate the oxidation number of a 

TRANSITION METAL

Ternary compound compound containing 3 ELEMENTS (example: C6H12O6)
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Electron Shells and Bonding 

1. Give another name for an electron shell. ___________________________________________________ 

2. Identify the elements shown below. 

 

 

 

 

 

 

3. What is the name for an electron in the outer shell of an atom? _______________________________ 

4. Name the type of bond being formed in each of the following reactions. 

a. A sodium atom gives up its outer electron which is picked up by a fluorine atom. Sodium fluoride 

is formed.________________________________________________ 

b. Two chlorine atoms share a pair of electrons to form a chlorine molecule. ____________________ 

  

A. ___________________ B. ___________________ C. ___________________ 
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Ionic Bonding 
1. What is an ion? ________________________________________________________________________ 

2. Give 2 examples of ions. _________________________________________________________________ 

3. Draw Lewis Dot Structures like the example shown to show the given elements becoming ions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Sodium 

 

 

 

 

Potassium 

 

 

 

 

 

 

 

 

Fluorine 

 

 

 

 

 

 

 

 

Aluminum 

 

 

 

 

 

 

 

 

Magnesium 

 

 

 

 

 

 

 

 

Chlorine 

 

 

 

 

 

 

 

 

Calcium 

 

 

 

 

 

 

 

 

Oxygen 
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4. Will the charge on a metal ion be positive or negative? ____________________________________ 

5. Will the charge on a nonmetal ion be positive or negative? __________________________________ 

6. Will the charge on a hydrogen ion be positive or negative? __________________________________ 

7.   

8.   

9.   
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Covalent Bonding 
1. What is a molecule? _____________________________________ 

2. What is the joining of two atoms together usually called? ________________________________ 

3. A covalent bond involves two atoms sharing what? ___________________________________ 

4. Draw 2 dots to represent electrons in a single covalent bond. 

 

5. Why do atoms share electrons? _______________________________________________________ 

________________________________________________________________________________ 

6. Which group on the periodic table do other atoms try to “look like?” _________________________ 

7. How many more electrons does chlorine need to achieve a noble gas configuration? ______________ 

8. Draw a chlorine molecule similar to the hydrogen molecule above. Include only the valence electrons. 

 

 

 

 

9. Draw a molecule of carbon dioxide similar to the examples above. 
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Ionic Substances 
1. What is an ionic bond? ______________________________________________________________ 

2. If an atom gains one electron, what charge does it have? ___________________________________ 

3. If an atom loses one electron, what charge does it have? ___________________________________ 

4. Why do sodium ions have a +1 charge? _______________________________________________ 

5. Why do chloride ions have a -1 charge? ________________________________________________ 

6. What charge would you find on a group 2 ion? ___________________________________________ 

7. What charge would you find on a group 16 ion? ___________________________________________ 

8. What is a cation? __________________ an anion? ____________________________________ 

9. Draw a Lewis structure diagram showing what happens when a lithium atom reacts with a chlorine atom 

and name the compound formed. 

 

 

 

10. Draw a Lewis structure diagram showing what happens when a magnesium atom reacts with 2 chlorine 

atoms and name the compound formed. 

 

 

 

11. Why is sodium chloride neutral? __________________________________________ 

12. Draw a diagram to show the arrangement of sodium and chloride ions in a sodium chloride crystal. 
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13. Give the formula for each of the following: 

a. Magnesium oxide: ________________________________ 

b. Sodium fluoride: ________________________________ 

c. Sodium oxide: ________________________________ 

d. Magnesium sulfate: ________________________________ 

e. Sodium sulfate: ________________________________ 

14. Name the following ions: 

a. Na
+
: __________________________ 

b. Cl
-
: __________________________ 

c. S
2-

: ___________________________ 

d. NO3
-
: _________________________ 

e. SO4
2-

: _________________________ 

f. I
-
: ___________________________ 

g. F
-
: ___________________________ 

h. K
+
: __________________________ 

i. Ca
2+

: __________________________ 

j. Mg
2+

: ________________________ 

k. PO4
3-

: _________________________ 

l. H
+
: __________________________ 

m. Ba
2-

: __________________________ 

n. H
-
: ___________________________

15. Choose from the following to answer a-f:  SO4
2-

 Mg
2+

 Kr MgO CO2 

a. A gas containing single atoms: ________________________________ 

b. A substance made from ions: ________________________________ 

c. A substance made from molecules: ________________________________ 

d. A compound: ________________________________ 

e. An ion: ________________________________ 

f. A molecular ion (a polyatomic ion) : ________________________________ 

16. Which of the following are general properties of ionically bonded compounds? _____________________ 

a. High BP 

b. Usually dissolve in water 

c. Conductor when solid 

d. Nonconductor when melted 

e. Weak forces hold molecules together 

f. noncrystalline 
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Covalent Substances 
1. Draw Lewis structures of the following molecules: 

2. Which of the following list are general properties of covalently bonded molecules? ______________ 

a. Low BP 

b. Soluble in water 

c. Conducts electricity when melted 

d. Does not conduct electricity when solid 

e. Weak forces attract molecules to each other 

f. Crystalline 

3. The table below lists properties of some substances. Choose from the following to fill in the substance. 

Diamond, Not a covalent substance, a simple molecular substance. 

Substance MP 
o
C Conducts electricity? Soluble in water? 

 3650 No No 

 -114 No No 

 804 Yes (when molten) Yes 

4. Water is a covalent compound. 

a. Draw a lewis structure diagram of water 

 

 

 

b. Give one property of water that suggests it is a simple molecular structure _________________ 

_____________________________________________________________________________ 

c. Diamond is also a covalent compound, Explain why water melts at 0
o
C and diamond at more than 

3000
o
C. _______________________________________________________________________ 

______________________________________________________________________________ 
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Bonding: Lewis Structure 
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Metallic Structures 
1. Describe how an atom of iron joins up to other atoms of iron in an iron bar. ______________________ 

____________________________________________________________________________________ 

2. Metals have “giant structures” of atoms. What is a “giant structure?” _____________________________ 

_____________________________________________________________________________________ 

3. What are mobile electrons? _______________________________________________________________ 

Where do they originate? ________________________________________________________________ 

4. Draw a diagram to show the metal atoms and free electrons in a giant structure. 

5. Complete the table, 

Metal Property Reason 

Strong  

Good conductor of heat  

Good conductor of electricity  

Malleable  

Ductile  

 

6. What is the name given to a bond in a metal? ______________________________________________ 

7. What is an alloy? ______________________________________________________________________ 
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8. Use the info in the table below to choose a suitable metal for each of the following. Explain your choice. 

Metal MP 
o
C BP 

o
C 

Density in 

g/cm
3
 

Electrical 

conductivity 

Reaction with 

water 

A 659 2447 2.7 0.41 None 

B 1083 2582 8.9 0.64 None 

C 1539 2887 7.9 0.11 Slight 

D 328 1751 11.3 0.05 None 

E 98 890 0.97 0.20 Very reactive 

F 183 2500 7.3 0.66 None 

G 1063 2707 19.3 0.49 None 

H 3377 5527 19.3 0.20 None 

 

a. A filament for a light bulb ________________________________________________________ 

_______________________________________________________________________________ 

b. A metal that could be used to make solder _____________________________________________ 

_______________________________________________________________________________ 

c. A metal used to make airplanes _____________________________________________________ 

______________________________________________________________________________ 

d. An overhead power cable _________________________________________________________ 

______________________________________________________________________________ 
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Polar Bonds 

1. Explain what is meant by electronegativity. _______________________________________________ 

__________________________________________________________________________________ 

2. What is the most electronegative element? _____________________ What group is it in? __________ 

3. Name 3 other elements which are strongly electronegative. ____________________________________ 

_____________________________ In which period(s) are they? ________________________________ 

4. Why are some covalent bonds polar? _______________________________________________________ 

____________________________________________________________________________________ 

5. A hydrogen bromide molecule has a polar bond. Which of the two atoms in this molecule has the lower 

electronegativity? ____________________________________________ 

6. Why are the covalent bonds in diatomic molecules such as H2 nonpolar? __________________________ 

____________________________________________________________________________________ 

Give another example of a diatomic gas. ______________________________________ 

7. What is a dipole? _____________________________________________________________________ 

8. For each of the following, state which atom has the greatest electronegativity. 

a. HCl _____________________________________ 

b. CO2________________________________________ 

c. H2O _________________________________________ 

9. The diagram below shows the polar bond between hydrogen and fluorine. Draw diagrams like the 

example above to show bonds between the following atoms. 

+
H – F

-
 

a. H and Cl 

b. C and Br 

c. F and F 

10. List the following bonds in order from highest to least polarity. HF, HBr, HCl _____________________ 
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BOND POLARITY 

1. What factor causes some combinations or atoms to form ions, and other combinations of atoms to form 

covalent bonds? Explain in detail. ________________________________________________________ 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

2. What is a nonpolar covalent bond? _______________________________________________________ 

____________________________________________________________________________________ 

Explain the electronegativity differences attributed to this type of bond. 

3. What is a polar bond? ___________________________________________________________________ 

_____________________________________________________________________________________

Explain the electronegativity differences attributed to this type of bond. ___________________________ 

_____________________________________________________________________________________ 

4. Explain the relationship between electronegativity difference and polarity. _________________________ 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

5. What is a dipole? _______________________________________________________________________ 

_____________________________________________________________________________________ 

6. How do you determine which atom gets the partial negative charge? ______________________________ 

____________________________________________________________________________________ 
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7. Given the following indicate which atom will receive the partial negative charge and which atom will 

receive the partial positive charge. Place the partial charges in the upper right hand corner of the atom 

symbol: 

a. H – Cl 

b. H – F 

c. S –F 

d. N – O 

8. Compare the degree (which compound is most polar, which is least polar) of polarity in HF, HBr, HCl, 

and HI. ____________________________________________________________________________ 

___________________________________________________________________________________ 

9. Classify the type of molecule the diagrams below represent (Ionic, Polar Covalent, or Nonpolar Covalent), 

and explain your reasoning. 
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10. Write Lewis structures for each of the following molecules. Indicate any partial charges that may exist for 

polar bonds with + or -. 
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Intermolecular Forces 

1. Which of the following will have the higher boiling point, NH3 or N2? ___________________________ 

Explain your answer using intermolecular forces.  _____________________________________________ 

_____________________________________________________________________________________ 

2. Why does dry ice (solid CO2) evaporate before sodium chloride? _________________________________ 

_____________________________________________________________________________________ 

3. Why does gasoline (C8H18) exist in the liquid form while methane (CH4), the gas we use to power our 

Bunsen burners, exists in the gas form even though both compounds are nonpolar? __________________ 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

4. Identify the intermolecular forces that exist in the following molecules.

 

5. Of the compounds in question 4, which has the strongest surface tension? _________________________ 

4-26



Name _______________________________________ Date __________________ 

Period _______________________________________ 

Page 1 of 3 4.9 w-2 Polarity and IMF's.docx 

 

Polarity and IMF's
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IMF’s and BP/MP 

1. In terms of the forces of attraction holding them together, explain why a NaCl crystal has a melting point 

of 800
o
C while an ice cube of pure water has a melting point of 0

o
C. _____________________________ 

_____________________________________________________________________________________ 

2. Predict the relative melting points of CO2 and SiO2 based on their attractive forces and the information 

given in question one. Explain your reasoning. (Hint: SiO2 is a covalent network) __________________ 

_____________________________________________________________________________________ 

3. List the noble gases from highest to lowest boiling point. Explain your answer based on intermolecular 

forces of attraction. _____________________________________________________________________ 

_____________________________________________________________________________________ 

4. Explain why I2 is a solid, Br2 is a liquid but Cl2and F2 are gases even though they are all Halogens. _____ 

_____________________________________________________________________________________ 

5. List the following substances from highest to lowest melting point, KCl, Cl2, CH4, H2S, SiO2 and H2O 

_________ ________________________ Use attractive force to justify your answers. ________________ 

_____________________________________________________________________________________ 
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Relative Melting Point (m.p.)/Boiling Point (b.p.) 

NaCl C(diamond) H2Se H2S O2 CO2 H2O MgO 

Group the above compounds according to the type of bonding present. 

 

 

6. Which of the compounds would you expect to have the highest melting point? _____________________ 

7. Which of the compounds would you expect to have the lowest melting point? _______________________ 

HBr CCl4 MgCl2  SiO2(network)  NH3 N2 HCl LiBr 

Group the compounds above according to the type of bonding present. 

 

8. Which of the compounds would you expect to have the highest melting point? ______________________ 

9. Which of the compounds would you expect to have the lowest melting point? ______________________ 
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Bonding Review 

1-7 are True/False 

 

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. Dipole-dipole interactions are the only IMF’s that exist in nonpolar molecules. . ____________________ 

5. Polar molecules always have a higher M.P./B.P. nonpolar molecules. . ____________________ 

6. In nonpolar covalent bonds, the electrons are shared unequally between two atoms. . ________________ 

7. Hydrogen bonds are basically a specific, very strong version of dipole-dipole interactions. . ___________ 

8. Carbon tetrachloride has polar bonds between the atoms but the overall molecule is nonpolar. Explain why 

the bonds are polar and why the molecules are nonpolar. _______________________________________ 

____________________________________________________________________________________ 

9. For each of the bonds below, determine the electronegativity difference (SHOW ALL WORK) and the 

type of bond that results (ionic, polar covalent, or nonpolar covalent). 
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10. Draw Lewis Dot Structures for the following compounds. Indicate the type of bond by using either 

brackets and charges (ionic) or dashes (covalent). 
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