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Unit 1: Chemical Changes and Structure
Key Area: Structure and Bonding
Course Notes

	Name
	

	Class
	


Bonding in Elements

The first twenty elements of the Periodic Table can be grouped according to the type of bonding and structure.
· Metallic

Metals have a metallic structure consisting of a lattice of positively charged _____ and d__________ outer electrons. 
· Covalent Molecular

A covalent molecular structure consists of discrete m________ held together by London dispersion forces. Some elements exist as solids; others exist as diatomic gases.
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The elements sulphur and phosphorus exist as covalent molecular solids. Sulphur has the ability to form two or more bonds and can form ___ membered puckered rings. London dispersion forces exist between these sulphur molecules, meaning it is solid at room t__________.
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Phosphorus was discovered by the German chemist Hennig Brand who extracted the element from urine in the seventeenth century. It intrigued scientists as it glows in the dark. 

Phosphorus can form single bonds to _____ other atoms to make tetrahedral P4 molecules. Like sulphur, these tetrahedral molecules are also held together by L_____ d_________ f_______; which means it exists as a solid at room temperature. 

A form of carbon exists as a covalent molecule. This form of carbon is called fullerenes. F_________ were discovered in 1985 by Buckminster Fuller. Fullerenes are s________ in shape and usually contain ____ or ____ carbons.
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C60 





C70
Covalent Network

Covalent networks are huge structures containing covalently bonded atoms. Carbon in the form of 

graphite and diamond, silicon and boron all exist as covalent __________.
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Carbon in the form of graphite is the form of carbon found in pencils. Graphite has a structure based on ____ covalent bonds from each carbon atom forming layers of hexagonal rings.
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As carbon can form four bonds, each carbon is able to give its unpaired electron to the delocalised pool between each layer. This creates strong covalent bonding within a layer but weak interactions between layers. Graphite is relatively soft because of this. The d__________ electrons can move between layers. This means graphite is able to conduct electricity.
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Silicon is the second most common element found on Earth. It is found in a variety of compounds, such as sand (silicon oxide). Silicon forms a rigid covalent n_______ with a similar structure to carbon in the form of d_______. 
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Boron also forms a covalent network structure. This creates a structure almost as hard as diamond.

Due to its structure it can withstand high t_____________ which makes it well suited to being used in Pyrex glassware.

Monatomic

A monatomic structure consists of discrete (separate) atoms held together by London dispersion forces. The Group 0 elements have a monatomic structure.
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*Hydrogen is not a member of Group 7. 

**Graphite and diamond are covalent networks, fullerenes are not. Fullerenes are covalent molecules.
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Structure and Bonding
In this course we will consider bonding that occurs within molecules and bonding that occurs between molecules.

Bonding that occurs _________ a molecule is called intramolecular bonding. In Higher Chemistry we will look at m____________, i________ and c___________ intramolecular bonds. 

Bonding that occurs __________ molecules is called intermolecular bonding. In Higher Chemistry we will look at London dispersion forces, dipole-dipole interactions and hydrogen bonding as examples of i_______________ ‘bonds’. 
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Intramolecular Bonds 

Metallic Bonding
Metallic bonding is the type of bonding found in m__________ elements. 
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Metallic bonds are strong (80 to 600 kJ mol-1). The strength of a metallic bond depends on the number of e___________ that each atom can contribute to the delocalised sea of electrons and the charge on the array of ions. The ________ the number of delocalised electrons, the _________ the metallic bond will be.

Ionic Bonding
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The greater the difference in electronegativity between the two elements, the more likely they are to form an ionic bond. The element with the greater electronegativity will ________ electrons to form a negatively charged ______, whilst the less electronegative element will _______ electrons to form a p___________ charged ion. 

Elements far apart in the Periodic Table are most likely to form ionic compounds. This means that ionic compounds typically arise from m_________ combining with n_____________. However, it is important to remember that metals can sometimes form covalent bonds with non-metals. It is the properties of the compound which allows us to determine if the bond is ionic or c___________. 
Ionic bonds are ________ (100 to 450 kJ mol-1) and ionic compounds exist as crystal l_________ structures in which each ion is attracted to a number of o____________ charged ions. 
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Covalent Bonding
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Two types of covalent bond can be formed:

· Pure covalent (or non-polar covalent)
· Polar covalent.
A group of atoms held together by covalent bonds is called a molecule. Covalent bonds are strong (100 to 500 kJ mol-1).
Pure Covalent (or non-polar covalent)
A pure covalent bond is formed when the atoms involved in the bond have an _________ share of the bonding electrons.
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All diatomic elements contain p_____ covalent bonds as both atoms have the same electronegativity value.
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Covalent molecules such as nitrogen chloride can also contain pure covalent bonds as each atom has the same e________________ value.
Polar Covalent Bonds

When atoms with ___________ electronegativity values join together, a p______ covalent bond is formed. In a polar covalent bond, the electrons are not shared equally, one atom in the bond has a ___________ attraction than the other for the b___________ electrons. 

The atom with the _________ electronegativity value will have a greater attraction for the bonded electrons and will ______ the bonding _____________ towards it.

For example: Hydrogen Bromide, HBr.

Hydrogen has an electronegativity value of 2.2 and bromine has an electronegativity value of 2.8. 
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This means that __________ has a greater attraction for the electrons in the bond than __________. As electrons have a ___________ charge, the bromine end of the bond becomes slightly __________ charged as it has a stronger attraction for the bonded electrons than hydrogen. To show this we label the bromine end of the bond with δ-. The hydrogen end is labelled with δ+ to show it has become slightly positive as the electrons have moved towards ____________. 
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Polar or Non-Polar Molecules?

Some molecules contain polar covalent bonds which are not arranged s_____________. They are described as p_______ molecules as they have negative poles and positive poles within the molecule. 
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Example 1: Water, H2O, polar
We can call this ‘asymmetrical distribution of charge’

Other molecules are non-polar even though they contain p_______ covalent b_______. These bonds are arranged s_____________ so there are no positive or negative poles in the molecule.
Example 2: Tetrachloromethane, CCl4, non-polar
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In this molecule the symmetry causes the polarity to cancel out over the molecule as a whole. There must be at least TWO planes of symmetry for this to happen.
We can call this ‘symmetrical distribution of charge’
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You can experimentally determine if a molecule is polar or non-polar by placing a charged rod next to a flow of the substance in question. If it is attracted towards the charged rod, it is a polar molecule and, if it is not attracted to the rod it is non-polar

Key area check test – Polar or non-polar?
1. Decide whether each of the following molecules is polar or non-polar.

a) Oxygen
b) Hydrogen chloride
c) Carbon monoxide
d) Hydrogen

2. By drawing the shape and considering the symmetry, decide whether each of the   

     following molecules is polar.
a) Water (H2O)
b) Ammonia (NH3)
c) Methane (CH4)
d) Chloroform (CHCl3)
e) Carbon dioxide (CO2)

f) Methanol (CH3OH)
g) Carbon tetrachloride (CCl4)

3. How do the intermolecular forces in oxygen compare to those in methanol? Explain.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


4. Explain the difference between a polar molecule and a polar bond.
	
	
	
	
	

	
	
	
	
	


5. Describe how to distinguish between liquids with polar and non-polar molecules.

	
	
	
	
	

	
	
	
	
	


Intramolecular Bonds - The Bonding Continuum
Labelling compounds as ionic, pure covalent or polar covalent is useful as it helps us to understand how elements bond when forming compounds. However, in reality it is not as simple as this. A bonding continuum can be used to help us understand the differences in bonding.

Remember, it is difficult to decide if a compound is ionic or polar covalent using only electronegativity values. We can only predict the most likely type of bonding. In order to decide whether a compound is ionic, pure covalent or polar covalent we must investigate the properties of the compound. 

Intermolecular Bonding

Intermolecular bonds are bonds which occur __________ molecules. Intermolecular bonds are called van der Waals’ forces. They are named after the Dutch Chemist Johannes Diderik van der Waals.
There are three types of van der Waals’ forces: 

· London dispersion forces

· Dipole-dipole interactions (permanent dipoles, pdp-pdp)

· Hydrogen bonding. 

London Dispersion Forces

London dispersion forces are the weakest type of van der Waals’ force. London dispersion forces occur between all a______ and molecules.

London d__________ forces result from the uneven distribution of the constantly moving electrons around the n_______ of atoms. This movement causes the formation of temporary dipoles on the atoms. This t___________ dipole means that atoms then attract each other. These temporary dipoles constantly c________, but always exist. 

The more e________ an atom or molecule has, the greater the s________ of London dispersion forces that can occur.


Permanent dipole-permanent dipole Interactions 

Permanent dipole-permanent dipole (pdp-pdp) interactions occur between p_______ molecules. Permanent dipole-permanent dipole interactions are stronger than L________ d_________ f_________. 
P__________ dipole-permanent dipole interactions occur between polar molecules. A permanent dipole-permanent dipole interaction is the e___________ attraction between the oppositely charged areas of two or more polar molecules.
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Due to permanent dipole-permanent dipole interactions being ________ than London dispersion forces, polar molecules have ________ melting and boiling points than non-polar molecules of a similar formula mass. 
Intermolecular Bonds - Hydrogen Bonding

Hydrogen bonding is a special type of dipole-dipole interaction involving; H-N, H-O or H-F bonds. These bonds are very polar, as shown in by the electronegativity values in the table below.

	H-N

0.8
	H-O

1.3
	H-F

1.8


When a highly electronegative element such as nitrogen, oxygen or fluorine is bonded to hydrogen the hydrogen becomes slightly positively charged and the electronegative element becomes slightly negatively charged. 

The most common example of hydrogen bonding is found in water.

Hydrogen bonds are s_________ than both permanent dipole-permanent dipole interactions and London dispersion forces, therefore molecules which contain hydrogen bonding have much _______ melting and boiling points than those with dipole-dipole interactions or London dispersion forces.


The boiling points of the compounds of the Group 4 elements with hydrogen, increase as you go down the group.

The increase in boiling point happens because the molecules are getting larger with more e_________; consequently London dispersion forces become _________r.
Although for the most part the trend is exactly the same as in group 4 (for exactly the same reasons), the boiling point of the compound of hydrogen with the first element in each group is abnormally high. In the cases of NH3, H2O and HF there must be some additional intermolecular forces of attraction, requiring significantly more heat energy to break. These relatively powerful intermolecular forces are described as hydrogen bonds.

Key area check test – Hydrogen Bonding
1. Hydrogen bonds will be set up between polar molecules, when these molecules contain a hydrogen atom bonded to nitrogen, oxygen or halogens.
Which of the following substances will exhibit hydrogen bonding:

a)
Hydrogen Bromide            HBr

b)
Propan-1-ol                       CH3-CH2-CH2-OH

c)
Aminoethane                    CH3-CH2-NH2
d)
Methoxymethane              CH3-O-CH3
e)
Tetrafluoromethane          CF4
f)
Propanone                         CH3-CO-CH3
g)
Ethanoic Acid                   CH3-COOH

2. Ammonia, NH3, exhibits a high degree of hydrogen bonding, yet there is no such bonding in hydrogen.

a)
Explain why this is so.
	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


b) How do the strengths of the forces involved in hydrogen bonding compare with the strengths of the   London dispersion forces?
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Properties Relating to Intermolecular Bonds

Melting and Boiling Points

The melting and __________ point of a substance gives an indication of the quantity of e_________ needed to overcome the van der Waals’ forces b__________ molecules

For _____-________ molecules the melting and boiling are related to the London dispersion forces between molecules. Hydrocarbons are good examples of non-polar compounds. If we compare the boiling points of the alkanes, we see a gradual increase in boiling point as the molecules increase in size. The strength of London dispersion forces increases because of the increase molecular mass and e__________.
For polar molecules, the melting and boiling points are ________ than those of non-polar compounds due to more energy being required to overcome the dipole-dipole interactions of polar molecules. 

Compounds which contain H-N, H-O or H-F bonds will have significantly higher ________ and boiling points compared to other polar molecules and non-polar molecules due to more energy being required to overcome the _________ hydrogen bond. 



Solubility

Polar solvents, such as water, will dissolve polar and i______c solutes as both polar and ionic solutes contain c__________ particles.

Non-polar solvents dissolve non-polar solutes.



Viscosity
The ___________ the van der Waals’ forces between a liquid are, the more viscous it will be. Liquids containing hydrogen bonding will be more viscous than molecules containing dipole-dipole interactions or London dispersion forces. The most viscous liquid is propane-1,2,3-triol.



[image: image3.png]



Key area check test - Solubility
1. Taking sodium chloride as your example, explain, in terms of bonding, what happens to an ionic crystal when it dissolves in water.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2. Explain each of the following.

a) Potassium chloride dissolves readily in water but not in cyclohexane.
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


b) Tetrachloromethane dissolves in hexane but not in water.
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


3. Lithium iodide is moderately soluble in non-polar solvents whereas caesium fluoride is not.

    On the basis of this evidence deduce the differences in bonding between the two compounds.
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Key area check test - Elevation of boiling and melting points 
1. The Table illustrates the trend in the boiling points of the Group 7 hydrides, HCl, HBr and HI. 




Hydride

Boiling Point (K)




HF




HCl


185 K




HBr


205K




HI


237 K

a) Why is the boiling point of HI higher than that of HBr?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


b) Estimate a value for the boiling point of hydrogen fluoride (HF) if it were to follow this trend.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


c) The actual boiling point of HF is 292 K. Account for this unexpectedly high value.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2. Liquid ammonia boils at –33OC but liquid phosphine, PH3, boils at –87OC. 

Explain the difference in boiling points in terms of bonding.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


3. A pupil is comparing the boiling points of an alkane with ethanol, C2H5OH, to examine the influence of hydrogen bonding.

a) To examine the influence of hydrogen bonding the boiling point of which alkane should be compared with that of ethanol? Explain your answer.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


b) Which of the two compounds has hydrogen bonding between the molecules?
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


4. Arrange the molecules below in order of increasing viscosity.
Ethanol                           Propan – 1,2,3 - triol                           Ethan –1,2 - diol

CH3CH2OH                            CH2 – CH - CH2                                  CH2 – CH2
                                            OH    OH   OH                                   OH     OH
Key area check test – Bonding in Elements and Compounds
1. Titanium chloride, TiCl4, is a colourless liquid which boils at 409 K. Explain whether the bonding is likely to be covalent or ionic in titanium chloride.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2.  Place A, B and C in the appropriate categories. Choose from the following list:

            Ionic,  covalent network,  covalent discrete molecular.               

	Substance
	Melting point / K
	Boiling point / K
	Electrical conductivity of solid
	Electrical conductivity of melt

	A
	365
	463
	nil
	nil

	B
	1046
	1680
	nil
	good

	C
	2156
	2776
	nil
	nil


3. Explain the difference in the melting and boiling points of sodium chloride and tetrachlormethane in terms of their bonding.

	
	Melting point / K
	Boiling point / K

	sodium chloride
	1074
	1690

	tetrachlormethane
	250
	350
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Carbon can also exist in the form of diamond. In diamond each carbon is at the centre of a regular tetrahedron and is surrounded by _____ other carbon atoms. This results in an exceptionally hard and rigid structure. There are no free e__________ in this structure which means that diamond does not conduct e___________.
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Summary of Bonding in Elements





bond





Intramolecular bond





A metallic bond is the electrostatic attraction between positively charged metal ions and negatively charged delocalised outer electrons.
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Ionic bonding is the electrostatic attraction between positive ions and negative ions.
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A covalent bond is formed when atoms of elements share a pair of electrons. The covalent bond is a result of two positive nuclei being held together by their common attraction for the shared pair of electrons
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Polar Covalent Bond: A polar covalent bond is a bond in which the atoms have different electronegativity values. This means that one atom has a greater attraction for the bonded electrons than the other. There is an unequal sharing of the pair of electrons.


δ- means slightly negative (most electronegative atom)


δ+ means slightly positive (least electronegative atom)
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Symmetrical: Non-polar molecule


Asymmetrical: Polar molecule














Angular
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As you go down the noble gases, the boiling point ____________. The increase in electron levels and molar mass, contributes to stronger London dispersion forces between the atoms requiring _______ energy to break these attractions, hence why the boiling points increase. 





permanent dipole-permanent dipole interaction





Hydrogen bonding occurs between molecules containing     _____, _____ or _____ bonds. 
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Strength of van der Waals’ forces:


Hydrogen  >  permanent dipole-permanent dipole  >  London dispersion forces


(30 kJ mol-1)		(5 - 25 kJ mol-1)			(4 kJ mol-1)
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Polar solvents will dissolve polar or ionic solutes


Non-polar solvents will dissolve non-polar solutes
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Glycerol


6 Hydrogen Bonds








Ethanol


2 Hydrogen bonds





The stronger the intermolecular attraction, the more viscous a liquid will be. 


The higher the number of intermolecular forces present in the liquid, the more viscous a liquid will be.
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