Gateway 125,126, 130
Fall 2006
Studio 5a  p1

Studio 5a  10/02:  Types of Bonds

1) Polar

2) Ionic

Reading: 3.1-3.2 p 78-82; 3.5-3.8 p 85-104; 8.7 p- 354-357; 9.5 p405-409

Group assignments:  A Recorder;  B Skeptic; C Leader

1) Bonds, Polar Bonds 
Q:  Do atoms in an H-H bond contribute equally?   What about hydrogen and chlorine in an H-Cl bond?  What is the difference between an H-H and an H-Cl bond?  

A:  The H-Cl bond is polar.  The H-H bond is nonpolar.  

Q:  What causes a bond to be polar?

A:  A difference in electronegativity (the ability of an atom in a covalent bond to attract shared electrons to itself; Figure 1.)  Nonpolar bonds occur between atoms with a ΔEN (difference in electronegativity) of ~0- 0.6.  Polar bonds occurr between atoms with a ΔEN of ~0.6-1.5.
Figure 1:  Pauling Electronegativities of the Elements
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Q:  So if individual bonds are polar, how do they affect the overall molecular picture?

A:  In order to determine if a molecule has a net polarity, you might visualize a tug-of-war among the atoms in the molecule for the electrons.  For a molecule to be polar it must:

a) have at least 1 polar bond 
b) polar bonds must be arranged in space so that the dipoles do not cancel out (atoms that attract electrons equally, but in opposite directions “cancel” one another out.


Fill in each box with:


# valence electrons


Lewis structure/ VSEPR structure


Dipole arrows for the bonds and a net dipole arrow for the molecule if any
Use the VSEPR kits to help.

	HCl
	CO2
	NH3
	SF4
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	C2H2
	BF3
	CHCl3
	ICl3

	
	24

[image: image3.wmf]F

B

F

F

N

o

 

n

e

t

 

d

i

p

o

l

e


	
	

	XeF2
	XeF4
	SF6
	BrF5
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2) Bonds, Ionic Bonds

Q:  Does the difference in electronegativity between atoms ever get so large that the more electronegative atom takes the electrons away from the less electronegative atom?

A:  The result is an ionic bond (ΔEN>~1.5):  the atoms involved undergo a formal transfer of one (or more electrons) to produce two charged species:  a positive ion (cation) and a negative ion (anion).  An example is NaCl.  Remember from studying periodic trends, you can predict which elements form cations and which form anions and what their charges are.

There are also many polyatomic ions.  They have covalent bonds between the atoms of the ion, but form ionic complexes with other ions.  For example NaNO3 has an ionic bond between Na+ and NO3-, and covalent bonds between nitrogen and oxygen.

Table 1:  Polyatomic cations and anions

	Cation
	
	Anions
	
	
	

	NH4+
	Ammonium
	OH-
	hydroxide
	PO4-3
	phosphate

	H3O+
	Hydronium
	CN-
	cyanide
	MnO4-2
	permanganate

	
	
	CO3-2
	carbonate
	CrO4-2
	chromate

	
	
	CH3COO-
	acetate
	Cr2O7-
	dichromate

	
	
	SO4-2
	sulfate
	ClO4-
	perchlorate

	
	
	SO3-2
	sulfite
	ClO3-
	chlorate

	
	
	NO3-
	nitrate
	ClO2-
	chlorite

	
	
	NO2-
	nitrite
	ClO-
	hypochlorite


You should commit the names, molecular formulas, and charges of the ions in Table 1 above to memory by next week!

Question:  If ionic bonds are created when atoms undergo a formal transfer of electrons to form cations and anions, how do they form bonds?

Data/Fact Gathering:  There is a force, described by Coulomb’s Law which exists between charges. 

The force is attractive between positive charges and negative charges and repulsive between multiple positive charges, and multiple negative charges.  The magnitude of the forces increases as the magnitude of the charges increases.  The force decreases with the distance between the charges.

A bond distance is set when the electron clouds of the atoms overlap and the attractive forces between the oppositely charged ions is balanced by the repulsive forces between the two nuclei and the electrons.

Ions form an ordered solid known as a lattice as shown in Figure 3 so that symmetry causes the attractive and repulsive forces to balance each other and the energy to be minimized.

Figure 3:  a) A model of the distribution of charges in an ionic compound;  b) Ionic compound upon deformation
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1) Ionic compounds tend to have very high melting point. Why is this?

2) Ionic materials are generally brittle, that is they break suddenly with little deformation before breaking. Why is this?
































































q1, q2  -are the magnitudes of the two charges 


r           -is the distance between them


k           -is a constant
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Bond polarity is indicated either by writing δ+ by the less electronegative atom and δ- by the more electronegative atom where δ stands for partial charge OR by writing a dipole arrow pointing towards the more electronegative atom with a plus near the less electronegative atom as shown in Figure 2.








Figure 2:  Bond Polarity � EMBED ChemDraw.Document.6.0  ���
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