IB Chemistry bonding  
1.  Below is a table showing the table of boiling points of alkanes.

	alkanes
	formula
	molecular mass (Mr)
	boiling point (ºC)

	pentane
	CH3(CH2)3CH3 
	72
	36

	hexane
	CH3(CH2)4CH3 
	86
	69

	heptane
	CH3(CH2)5CH3
	100
	98

	octane
	CH3(CH2)6CH3
	114
	126

	nonane
	CH3(CH2)7CH3
	128
	151

	decane
	CH3(CH2)8CH3
	142
	174

	tetramethylbutane
	(CH3)3C-C(CH3)3
	
	106


(a) Describe and explain the relationship between molecular mass and boiling points between pentane and decane.

(b) Draw a molecule of tetramethylbutane. Tetramethyl means 4 methyl groups, CH3, onto the butane chain so draw the butane chain first and then add 4 methyl groups but not on the terminal carbons. How is its structure different from all the other alkanes in the table.

(c) Tetramethylbutane has the same molecular mass as which other alkane?

(d) Explain why it does not have the same boiling point as the alkane you have answered in the question(c).

2.  The graph below shows the boiling points the hydrides of the first 5 elements in groups 4 to 7 and also the 

     boiling points of the noble gases.
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The graph shows a number of different trends in boiling points which have been listed in the table below.  
For each trend, describe the trend and suggest an explanation.  You might want to write the formula of the hydrides on the graph.
Your explanation must include references to the structural features of the molecules (mainly shape and polarity) and therefore the nature of the main type of intermolecular force involved and its strength, and atomic and molecular masses.  

	Overall trend
	Description
	Explanation

	group 4 hydrides
	
	

	group 0  
	
	

	group 5/6/7 hydrides from period 3 to 6  
	
	

	period 4 hydrides
	
	


3.  Why do H2O, NH3 and HF go against the described trends of the boiling points of the hydrides in their  

     individual groups?

4.  Remember that for a hydrogen bond to occur a hydrogen atom must be bonded onto a very electronegative 
     atom and there must a non-bonding pair on another neighbouring electronegative atom.  The hydrogen bond 
     itself is an attraction between this hydrogen atom and the other electronegative atom.  Use these ideas to 
     suggest why the boiling point of NH3 is considerably lower than HF although of course it has a slightly lower  

     molecular mass.

5.  H2O has a lower molecular mass than HF and the covalent bond between H and O is less polar than the 
     covalent bond between H and F but H2O has a higher boiling point than HF. Suggest an explanation.

6. The table below lists the boiling points of 5 different substances. 

	substance
	formula
	boiling point (ºC)
	main type of intermolecular force

	argon
	Ar
	-186
	

	hydrogen chloride
	HCl
	-85
	

	water
	H2O
	100
	

	iodine
	I2
	184
	

	sucrose
	C12H14O3(OH)8
	decomposes above 186
	


(a) For each of the five substances below identify the main type of intermolecular force. 

(b) Explain that despite the nature of the main type of intermolecular force, iodine has higher boiling point than water.
