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Unit V - Bonding is the act forming a compound from 2 or more atoms. 
Bond- attractive force that holds them together is an electrostatic attraction of protons and to other atoms’ electrons.

The reason most bonds are formed is to achieve a lower energy state (i.e. be more stable) 
So… breaking a bond causes an increase in potential energy
Example:

Cl2

->

Cl

+

Cl 

Forming a bond causes a decrease in PE

Example:

Cl

+

Cl

->

Cl2
 

Atoms which have their valence shell filled are at a lower state of energy
In Cl2 the two chlorine atoms share an electron – that is how they have 8
(This is why noble gases do not bond)

The octet rule – All atoms will react in attempt to have full valence shells.  (which usually means 8 electrons) S and P

Exceptions: Any element which can have only two electrons because the first principal energy level is full with 2 electrons.  (A duet not an octet)

H,He,Li,Be,B,C,N

Oxidation number- they predict what charge an atom tends to gain in a bond. The most common numbers are on your periodic table.  (Again they get charged because they are trying to gain or lose electrons to get stable)

Examples: 1) Write the following atom’s ions that would allow them to achieve stability (noble gas configurations)

Na


O


Br


H


N
2) Write a series of species whose electron configurations will look argon’s once they bond.
Bond types: 
Bonds are intramolecular forces.
Forces “inside” a molecule that hold atoms together

Electronegativity predicts the bond type.  Football analogy- fluorine is the toughest player (highest electronegativity) and francium is the weakest (lowest electronegativity.)

1) ionic- Electron is nearly stripped (transferred) from an atom by another atom.  Always a metal and a nonmetal (Electronegativity difference is >1.7)
2) Covalent – electrons are shared 

(2 types)
 nonmetal-nonmetal
a. Polar covalent – Electron is shared by the two atoms unequally 
(i.e. 2 different nonmetals) (Electronegativity difference is between 0 and 1.7) 
b. Non polar covalent – electrons shared equally (i.e. same nonmetal)
Electronegativity difference is very close to 0 (zero for NYS REGENTS)
Exercise: Determine the bond type(s) in the following compounds.
MgF2
NaCl





FBr







I2






CS2











CH4
H2O
CS
O2

CaSO4

Ba(OH)2

MgF2 - Ionic

NaCl - 
Ionic




 
FBr
- Covalent (Polar Covalent)






I2
- Covalent (Nonpolar Covalent)




CS2
 - Covalent (Polar Covalent)






CH4 - Covalent (Polar Covalent)
H2O - Covalent (Polar Covalent)
CS - Covalent (Polar Covalent)
O2 - Covalent (Nonpolar Covalent)
CaSO4 – Both Ionic and Polar covalent
Ba(OH)2 – Both Ionic and Polar covalent
1st column on pg 3+4 in packet
Bond Properties.

Ionic bonds form Ionic substances (or salts)- are held together by the strong attraction of the positive and negative ions. 
– have high melting and boiling points 
– are electrolytes 
– are hard and brittle 
- Are arranged in a definite crystal lattice 
Example 1: NaCl


NaCl is really a continuous pattern of Na and Cl atoms.  The chemical formulas for ionic compounds really represents the smallest ratio of elements. (Sometimes called the empirical formula or unit cell) 

Example 2 MgCl2 why are the Mg’s so small and Cl’s so big?

Electrolyte – A substance that will conduct electricity when added to water 

Such as NaCl (aq)

* Electrolytes are acids, bases, and salts.
Dissociation- (Ionization) The act of ions being pulled apart by water molecules AKA ionization.

The more ionization or dissociation the better the solution conducts.
Molecule ion attraction – example: Water is a polar molecule and can carry ions

https://www.youtube.com/watch?feature=player_embedded&v=EBfGcTAJF4o
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Covalent Bonds form 
Molecular Substances-are held together by weaker intermolecular forces depending on the polarity of their covalent bonds.  

Most of these substances are soft, liquids or gases and have lower melting and boiling points than ionic or metallic substances
molecular substances with highly polar bonds generally have higher boiling and melting points than substances with less polar bonds. (the size of molecules also matters) 
3. Metallic bonds form Metallic substances- the metal ions are bond together by a sea of freely moving electrons.(see metallic properties from previous notes.)

Mg (s)






4. covalent bonds can create Network Solids-(Very very high melting points and very very hard.  (know: Diamond, Quartz = SiO2, Graphite) atoms are continuously linked, symmetrical covalent bonds.
Diamond (C)
Network solids are not made of molecules – a diamond is a never ending pattern of carbon atoms attached in the most symmetrical way found in nature 
Graphite (C)
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There is more symmetry in one plane of graphite than the other- that’s why it slides layers off – but the layers don’t break down
Note:  Sometimes materials made up of the element can be very different because of the way they are bonded. (different structure & difference chemical and physical properties) 
Lewis Electron Dot Stuctures – 

· Diagrams that show valence electrons, usually as dots (or x's)
· “Rules” for atoms (not compounds)
· Start on any side
· First two get paired together
· Next three are separated
· Fill in as needed
Atoms:


Ions:

[image: image3]
*Must show charge!

Practice:

Draw Lewis Electron Dot Structures for the following atoms and ions:
· Li, B, Mg, Al, P, S, Cl, Br, Kr
· H+, Li+, Mg2+, Al3+, O2-, F-, Cl-, S2-, P3-
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Covalent Bonds: (electrons are covalently bonded in pairs.)
Steps that may help writing Lewis structures:

1) Conservation laws! Determine the # of valence electrons that are available from all atoms

2) Determine the # of valance electrons that would be needed by all of the atoms (Always 8 or 2)
3) Subtract needed from available then divide by 2  (This tells you how many bonds are needed)

4) Draw the most logical structure where all atoms have full valence shells. [use brackets and charges for ionic substances]
5) Check: be sure that the total number of electrons is the same as in step one. Matter nor charge can not be created or destroyed-Of course this applies to electrons!
6) Note for nonmetal atoms in:

Group 17 – can make 1 bond

Group 16 – can make 2 

Group 15 – can make 3
Group 14 – can make 4 

7) Polyatomic ions- actually have exchanged electrons with another ion already.  Take into account their charge. (REMEMBER ELECTRONS ARE NEGATIVE)
Examples:

 OH- has 6e from O, 1e from H, and 1e extra from the – charge =8e

NH4+ has 5e from N, 4e from the four H’s, minus 1e from the + charge = 8E

Dashes

-  single covalent bond ( 2 electrons)

= Double covalent bond (4 electrons)

    triple covalent bond (6 electrons)

VSEPR theory (valence shell electron pair repulsion theory)This means that the valence electron pairs attempt to spread out!  Go figure……..
Use – to determine if symmetrical molecules that have polar bonds are nonpolar molecules
The tetrahedron - 

The shape that the four electron pairs in an octet make when spreading out around a central atom.

variations you should know:

AX4
tetrahedral (bond angles 109.5o)


examples

	Molecule 
	Lewis Structure 
	3-D Structure 
	Comments 

	CH4 
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	The H-C-H angle is the classic tetrahedral angle of 109.5°


	CCl4 
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	tetrahedral 

	NH4+ 
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	tetrahedral 

(polyatomic ion)


AX3E –

trigonal pyramidal
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Lewis structure

Orbital picture




	Molecule 
	Lewis Structure 
	3-D Structure 
	Comments 

	NH3 
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	Triganol pyramid: The nonbonding pair is more repulsive than a bonded pair, so the bond angle is 107.° 

	H3O+ 
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	Trigonal pyramid


AX2E2
bent (or angular)

[image: image17.wmf] 


	Molecule 
	Lewis Structure 
	3-D Structure 
	Comments 

	H2O 
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	Bent: The H-O-H bond angle is 105° 


LINEAR
Double and Triple bonds are often linear.  (you lose the tetrahedron)

Remember we still are looking for symmetry that will cause a substance with polar bonds to be nonpolar

Examples:

Draw C2H2
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This is linear because the electrons on the H atoms repel (they will get as far apart as possible)

H-C is a polar bond but C2H2 has
Symmetry = Nonpolar molecule

Draw CO2
..         .. 

:O=C=O: 

Electron on O atoms repel

o=c is a polar bond but;

Symmetry= nonpolar molecule 

Draw HCN

H-C=N:

Electrons on N and H repel

Polar bonds with No symmetry = a Polar molecule
Remember ionic=ionic

And nonpolar=nonpolar

Metallic = metallic

When should you check for symmetry? (only for polar bonds)
VERY common – should know
H2O - polar bonds polar molecule
CO2 – polar bonds nonpolar molecule
NH3  - polar bonds polar molecule
CH4 or CF4 or CCl4 etc… - polar bonds nonpolar molecules
CH3Cl etc… polar

Intramolecular forces- Are the bonds holding atoms together in within a molecule

 Intermolecular forces- Are attractive forces that tend to attract the molecules to other molecules.

Types of Intermolecular forces:

(For covalent bonded molecules only)

(Network, ionic, and metallic substances aren't molecules!)

Dipole-dipole- exist between polar molecules.  It is the force of attraction of the positive and negative ends of the molecules.

Examples: CO,HCl,SO,CS2,OF2












Hydrogen bonding- (misnomer) This is not a bond! It is a dipole-dipole but its exceptionally strong because hydrogen only has one electron.  

Pos.



Force on electron cloud

Nucleus

is

mostly

exposed

The Hydrogen bond (Again not a bond –What were they thinking!?) is more prevalent when hydrogen is bonded to a small and highly electronegative element.  (HF-strongest) (NaH-doesn’t count)  
*The higher degree of ionic character the more likely the substance will be a solid 

*more polar molecules are said to have more ionic character
Van der Waals (London Dispersion Forces) – 
*exist between Nonpolar molecules.  *It is the weakest intermolecular force.  
*Explains why Nonpolar molecules TEND to be gases

*It does increase with mass.  (Notice I2 is a solid).  
*These forces also decrease as the molecules get farther away.  (Similar to gravity)

*Noble gases act nonpolar – thus have Van der Waals forces.*
Molecule-ion – Example dissociation of an electrolyte in water (remember oxygen side is negative and hydrogen side is positive.)
NaCl(aq)






Nonpolar Vs. Polar solutions

Polar molecules attract strongly do to dipole-dipole forces.  This attraction does not allow nonpolar molecules to get between them.

Therefore Polar substances only dissolve or mix with other polar substances.  They also have high surface tension

Demo with needle in water on overhead


  

Attractive force



	Substance
type
	Intermolecular Forces
	Properties
	Examples

	Ionic
	N/A
	Metal & Nonmetal High Melting Point, Brittle, Hard

Conduct in liquid  phase or aqueous
	NaCl, MgO

	Molecular


	Hydrogen 

Bonding & Dipole-Dipole
(POLAR covalent)
	Nonmetals 

Generally Low Melting Point, Nonconducting
	H2O, HCl

	
	London Dispersion

(NONPOLAR covalent )
	Nonmetals with same electonegativity

VERY low MP
	H2, CO2

	Metallic
	N/A
	Conducting, luster, malleable, ductile, positive ions in a sea of mobile electrons
	Fe(s), Mg(s), Cu(s)

	Covalent Network
	N/A
	Highest Melting Point, Hardest, Nonconducting
	C (diamond) SiO2 (quartz)


	Substance type
	Intermolecular Forces
	Intramolecular Forces

	Ionic


	Continuous pattern of positive and negative ions strongly attracting

	Molecular
	Hydrogen Bonding & Dipole-Dipole 
 (stick like magnets)
	Polar bond (unequally shared electrons)

	
	London Dispersion
(aka Van Der Waals)
	Nonpolar bond (equally shared electrons)

	Metallic
	Continuous -  positive ions in a sea of mobile electrons

	Covalent Network
	Continuous  pattern of covalent bonds


Cation-  + ion
Anion-   - ion
Coordinate covalent bond-covalent bond where the shared pair of electrons are supplied by a single atom.
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Note: this shows the ‘kernel’ electrrons in addition to the valence electrons / i.e. its not a lewis dot structure
Lewis dots for polyatomic ions- not required for regents but helps review lewis dots and explains how polyatomic ions function… 

1. SO4 2-
(remember to count electrons brought and pay attention to electrons needed)


OR


NH4 +
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OH-
Hexane:





Ethanol



Acetone




phenyl salicylate
[image: image25.png]


                       
Water


Cl -





Na





Cl





Cl





Cl





Na





Na





Na +





Na





Na





Na





Cl





Cl





Cl





Cl-





Mg+2





Cl-





Cl-





Cl-





Cl-





Cl-





Mg+2





Mg+2





Mg+2





Cl-





Cl-





Mg+2





H





He





F





Ne





Na





N





Cl





Ar















































































































































































































































Yellow arrows represent bonds
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Black arrows represent dipole-dipole force
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Gets squeezed out
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