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    FOREWORD




    


    


    


    


    


  




  

    

      When people I meet ask me what I do and I mention that I trained as a chemist, they usually wince. This is often followed by a comment such as, “there’s too much maths in chemistry”; “learning chemistry is like learning a foreign language”; “there’s a lot to learn”. People very rarely say, “I wish I’d learned more chemistry at school” or “chemistry is so interesting”. This is hugely frustrating for me as chemistry is everywhere – everything we see, touch, taste, smell and even hear involves chemicals and chemistry. I think it is a brilliant, fascinating, complex and simple subject that shapes and changes our world for the better.




      However, having taught various aspects of (mainly environmental) chemistry from primary school to PhD levels for more than a quarter of a century, I’m very aware that chemistry can be viewed as difficult, theoretical and even irrelevant to people’s everyday lives. This is a terrible shame and may have unforeseen adverse consequences. The world is facing a large number of global challenges that include anthropogenic climate change, sustainable development, the need for adequate supplies of clean water and other key resources such as metals, growing energy demands, concerns about food supply and quality, and the impacts on nutrition and health. Chemistry can make a significant contribution to helping us to mitigate or solve these challenges – but for that to happen, we need more chemists.




      I know from talking to colleagues in industry, business and academia that there is a potential shortage of human resources in key scientific professions. There have been numerous pleas for the rejuvenation of science teaching and initiatives to increase the interest and attainment of students in science and mathematics. Basic scientific skills such as communication, classification, measurement, observation, inference and prediction contribute to a larger purpose - problem solving. These skills allow scientists to conduct systematic, objective investigations and to reach conclusions based on the results. Such skills are vital in chemistry. We need young people who are mathematically and scientifically literate and who engage with scientific problems in an orderly, “can-do” fashion. We cannot allow a shortfall in these skills to emerge simply through neglect or fatalism or worse – because subjects such as chemistry are “hard”, “dangerous”, “geeky”, “too mathematical” or require “too much work”.




      Therefore I’m delighted to welcome Nigel Freestone’s refreshing book “Counting Moles” to the stable of chemistry textbooks. Nigel has a wealth of experience in delivering chemical concepts to young people in an engaging and inspiring fashion. This book is designed to provide multiple opportunities for students to develop a firm understanding of chemical concepts that underpin the whole subject. Students will be able to use the multiple worked examples and calculating frame to hone their skills and become more confident in fundamental problem-solving activities, culminating in the award of a Counting Moles Driving Licence that confirms their achievement.




      I’m sure Nigel’s book will make a significant contribution to addressing the chemistry skills shortage and to ensuring that this wonderful subject continues to make its distinct contribution to solving the world’s challenges.


    




    

      Ian Williams


      University of Southampton


      UK


      I.D.Williams@soton.ac.uk

    


  




  




  




  

    PREFACE




    


    


    


    


    


  




  

    Students studying chemistry often struggle with the MOLE. This user-friendly self-teach package provides an effective aid to learning by giving clear and confident presentation of the essentials of the mole needed by those starting chemistry courses. This self teach package contains over 200 questions, with detailed solutions, so if you get stuck, you can see where you went wrong.




    After successfully completing Counting Moles, you will be able to:




    

      	understand what is meant by the terms relative atomic mass and relative formula mass




      	calculate average atomic mass from isotope abundance;




      	determine relative formula mass;




      	define of the chemical term, the ‘mole’;




      	calculate the molar mass of a substance from its chemical formula;




      	calculate percentage composition;




      	interconvert between mass, number of molecules, and moles;




      	calculate the amount (mass or moles) of product expected to be formed in a chemical reaction, given the amounts of reactants used;




      	calculate the amount (mass or moles) of reactants which need to be used in a chemical reaction in order to produce a specified amount of product;




      	define the term concentration, and calculate the molarity of solutions from volumetric analysis and other data;




      	determine the mass and/or volume of gases consumed or formed in a chemical reaction.


    




    Counting Moles is split into SIX (6) Chapter. Each Chapter should be thought of as a separate lesson that should take between 15 and 45 minutes to complete. It is ESSENTIAL that you answer each question. The Counting Moles approach to learning is based on understanding developed through repetition and introduces the ‘mole calculating frame’ to help you solve problems. Answers to ALL questions, with full explanations are provided, should you get into difficulty.




    The Chapters prepare you for the Counting Moles Driving Test. If you PASS, you can throw you M-plate away and claim your Counting Moles Driving Licence. You will then be able to answer moles-based coursework and examination questions correctly and with confidence.
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      1.1. Relative Atomic Mass (AR)




      Chemical elements are the building blocks from which everything is constructed, from specks of dust to mobile phones and from flora and fauna to the clothes we wear. There are over a 100 known elements. An element is a pure substance that cannot be chemically broken down. The smallest unit of an element is the atom. Different atoms have different masses. The mass of an atom is so small that it is more convenient to compare atom masses, rather than refer to their actual mass. The standard for this relative scale is an atom of carbon-12, which has a relative atomic mass (Ar) of 12.




      The Table below lists the relative atomic mass (Ar) values of some common elements.




      

        Selected Relative Atomic Mass Values




        

          



          

            

              

                	Element



                	Approximate Relative Atomic Mass (Ar)

              


            



            

              

                	Hydrogen



                	1

              




              

                	Carbon



                	12

              




              

                	Nitrogen



                	14

              




              

                	Oxygen



                	16

              




              

                	Sodium



                	23

              




              

                	Magnesium



                	24

              




              

                	Silicon



                	28

              




              

                	Calcium



                	40

              




              

                	Bromine



                	80

              


            

          




        




        These relative atomic mass values tell us for example that sodium atoms (Ar = 23) are 23 times heavier than hydrogen atoms (Ar = 1), two atoms of neon (Ar = 20) have the same mass as one atom of calcium (Ar = 40) and that three oxygen atoms (Ar = 16 ) weigh the same as two magnesium atoms (Ar = 24).




        Relative atomic masses are listed in the periodic table.




        

          Isotopes




          Elements are defined by their proton (atomic) number. An atom with 7 protons is always nitrogen (N), an atom with 20 protons is always calcium and an atom with 70 protons must therefore always be gold (Au). Isotopes are atoms that have the same number of protons, but have different numbers of neutrons. For example, carbon has three naturally occurring isotopes, often referred to as simply carbon-12, carbon-13 and carbon-14, with relative atomic masses of 12, 13 and 14, respectively. Since carbon has a proton number of 6, the isotopes contain 6, 7 and 8 neutrons, respectively.


        


      




      

        Three Isotopes of Carbon




        

          



          

            

              

                	Isotope



                	No. of protons



                	No of neutrons



                	No of electrons



                	Relative Atomic Mass (Ar)

              


            



            

              

                	
12C6




                	6



                	6



                	6



                	12

              




              

                	
13C6




                	6



                	7



                	6



                	13

              




              

                	
14C6




                	6



                	8



                	6



                	14

              


            

          




        




        A typical periodic table information box for the element carbon is given below:




        
[image: ]





        

          Calculating Average Relative Atomic Mass




          Chlorine has a relative atomic mass of 35.5, which is the average of the masses of its two naturally occurring isotopes. This is calculated by working out the relative abundance of each isotope. For example, in any sample of chlorine, 25% will be Cl-37 and 75% Cl-35. The relative atomic mass is therefore calculated using the equation:




          (% of isotope 1/100 × mass of isotope 1) + (% of isotope 2/100 × mass of isotope 2)




          So in the case of chlorine:




          Average relative atomic mass = (75/100 x 35) + (25/100 × 37) = 26.25 + 9.25 = 35.5




          Example 1.1: Boron has three naturally occurring isotopes: 9% boron-10 and 80.1% boron-11. Calculate the relative atomic mass of boron.




          Answer:




          Average relative atomic mass = (19.9/100 x 10) + (80.1/100 x 11) = 1.99 + 8.811 = 10.801




          Example 1.2: Magnesium has three isotopes, Given that the natural abundances are Mg-24 (78.70%), Mg-25 (10.13%), and Mg-26 (11.17%) calculate the relative atomic mass of magnesium.




          Answer:




          Average relative atomic mass = (78.7/100 x 24) + (10.13/100 x 25) + (11.17/100 x 26)


          = 18.888 + 2.533 + 2.904


          = 24.33




          This problem can also be reversed, as in having to calculate the isotopic abundances when given the atomic mass and isotopic masses.




          Example 1.3: Nitrogen is made up of two isotopes, 14N and 15N. Given nitrogen's atomic weight of 14.007, what is the percentage abundance of each isotope?




          Answer:




          Let x = percentage abundance of 14N




          Therefore, percentage abundance of 15N = 100- x




          (x/100 x 14) + (100-x/100 x 15) = 14.007




          Multiply throughout by 100




          14x + 15(100 - x) = 1400.7




          14x + 1500 – 15 x = 1400.7




          x = 1500 – 1400.7 = 99.3




          Thus % abundance 14N = 99.3%, 15N = 0.7%




          Example 1.4: The relative atomic mass of copper is 63.55. Copper has two naturally occurring isotopes, Cu-63 and Cu-65. Determine the natural abundance (%) of each isotope.




          Answer:




          Let x = percentage abundance of 63Cu




          Therefore, percentage abundance of 65Cu = 100- x




          (x/100 x 63) + (100-x/100 x 65) = 63.55




          Multiply throughout by 100




          63x + 65(100 - x) = 6355




          63x + 6500 – 65 x = 6355




          2x = 6500 – 6355




          x = 72.5




          Thus % abundance Cu-63 = 72.5% and Cu-65 = 27.5%.


        


      




      

        Exercise 1.1




        

          	The natural abundance for gallium isotopes is 69Ga 60.11% and 71Ga 39.89%. Calculate the relative atomic mass of gallium.




          	Neon has three isotopes, 20Ne, 21Ne and 22Ne. The percentage of each in order is 90.48%, 0.27% and 9.25%. Calculate the relative atomic mass of neon.




          	Element Y exists as two naturally occurring isotopes, Y-51 and Y-52. Given that Y-51 has a natural abundance of 18%, calculate the relative atomic mass of element Y.




          	Lithium has two naturally occurring isotopes, Li-6 and Li-7. Determine the percentage abundance of each isotope, given that lithium has a relative atomic mass of 6.94.




          	Bromine has a relative atomic mass of 79.90. There are two known isotopes of bromine, with relative atomic masses of 79 and 81. Determine the percentage abundance of each isotope.


        
NOTE: for simplicity Ar values used in the remainder of this text, with the exception of Cl (35.5) and Cu (63.5) will be integers.

      


    






    

      1.2. Relative Formula Mass (MR)




      Elements rarely occur alone in nature. Instead they form compounds by combining together. Chemical compounds are substances formed by two or more elements, in a fixed and constant proportion, held together by chemical bonds. For example, water (H2O) comprises hydrogen and oxygen atoms in the ratio 2:1. If this ratio is changed to 1:1 then a new compound formed, the disinfectant and bleach, hydrogen peroxide (H2O2). Compounds have a definite formula with its constituents combined in fixed proportions. There are over 8 million known chemical compounds. The smallest unit of a compound is the molecule. Compounds contain two or more elements chemically combined. Thus all compounds (e.g. CH4, NaCl, CuSO4) are molecules, but not all molecules are compounds (e.g. H2, O2, P4, S8)
To find the relative formula mass (Mr) of a compound, you just add together the relative atomic mass (Ar) values for all the atoms in its formula:



      

        	Step 1: Identify the number of atoms of each element present;




        	Step 2: Find the relative atomic mass (Ar) for each element present;




        	Step 3: Calculate the total mass of each element present in the chemical formula of the compound, i.e. Mass of element in compound = relative atomic mass x number of atoms present;




        	Step 4: Add together all of the masses to obtain the Relative Formula Mass (Mr).


      




      These steps are summarised in the following relative formula mass calculating frame for the compound, XaYbZc




      

        Relative Formula Mass (Mr) Calculating Frame




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	X



                	a



                	Ar (X)



                	a x Ar(X)

              




              

                	Y



                	b



                	Ar (Y)



                	b x Ar(Y)

              




              

                	Z



                	c



                	Ar (Z)



                	c x Ar(Z)

              




              

                	Total



                	



                	



                	Mr


              


            

          




        




        Example 1.5: Determine the relative formula mass of sodium chloride (NaCl)?




        Step 1: Determine the number of atoms of each element present




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Na



                	1



                	



                	

              




              

                	Cl



                	1



                	



                	

              




              

                	Total



                	



                	



                	

              


            

          




        




        Step 2: Find the Ar for each element present




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Na



                	1



                	23



                	

              




              

                	Cl



                	1



                	35.5



                	

              




              

                	Total



                	



                	



                	

              


            

          




        




        Step 3: Calculate the total mass of each element present in the chemical formula of the compound




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Na



                	1



                	23



                	1 x 23 = 23

              




              

                	Cl



                	31



                	35.5



                	1 x 35.5 = 35.5

              




              

                	Total



                	



                	



                	

              


            

          




        




        Step 4: Add together all of the masses to obtain the Relative Formula Mass (Mr)




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Na



                	1



                	23



                	1 x 23 = 23

              




              

                	Cl



                	31



                	35.5



                	1 x 35.5 = 35.5

              




              

                	Total



                	



                	



                	58.5

              


            

          




        




        Example 1.6: What is the relative formula mass of water (H2O)?




        Step 1: Determine the number of atoms of each element present




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	H



                	2



                	



                	

              




              

                	O



                	1



                	



                	

              




              

                	Total



                	



                	



                	

              


            

          




        




        Step 2: Find the Ar for each element present




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	H



                	2



                	1



                	

              




              

                	O



                	1



                	2



                	

              




              

                	Total



                	



                	



                	

              


            

          




        




        Step 3: Calculate the total mass of each element present in the chemical formula of the compound




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	H



                	2



                	1



                	2 x 1 = 2

              




              

                	O



                	1



                	16



                	1 X 16 = 16

              




              

                	Total



                	



                	



                	

              


            

          




        




        Step 4: Add together all of the masses to obtain the Relative Formula Mass (Mr)




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	H



                	2



                	1



                	2 x 1 = 2

              




              

                	O



                	1



                	16



                	1 X 16 = 16

              




              

                	Total



                	



                	



                	18

              


            

          




        




        Example 1.7: Calculate the relative formula mass (Mr) of Al2O3




        Answer:




        Step1: Determine the number of atoms of each element present




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Al



                	2



                	



                	

              




              

                	O



                	3



                	



                	

              




              

                	Total



                	



                	



                	

              


            

          




        




        Step 2: Find the Ar for each element present




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Al



                	2



                	27



                	

              




              

                	O



                	3



                	16



                	

              




              

                	Total



                	



                	



                	

              


            

          




        




        Step 3: Calculate the total mass of each element present in the chemical formula of the compound




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Al



                	2



                	27



                	2 x 27 = 54

              




              

                	O



                	3



                	16



                	3 x 16 = 48

              




              

                	Total



                	



                	



                	

              


            

          




        




        Step 4: Add together all of the masses to obtain the Relative Formula Mass (Mr)




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Al



                	2



                	27



                	2 x 27 = 54

              




              

                	O



                	3



                	16



                	3 x 16 = 48

              




              

                	Total



                	



                	



                	102

              


            

          




        




        Example 1.8: Determine the relative formula mass (Mr) of Mg(OH)2




        Answer:




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Mg



                	1



                	24



                	1 x 24 = 24

              




              

                	O



                	2



                	16



                	2 x 16 = 32

              




              

                	H



                	2



                	1



                	2 x 1 = 2

              




              

                	Total



                	



                	



                	58

              


            

          




        




        Example 1.9: Determine the relative formula mass (Mr) of Ca(NO3)2




        Answer:




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	Ca



                	1



                	40



                	1 x 40 = 40

              




              

                	N



                	2



                	14



                	2 x 14 = 28

              




              

                	O



                	6



                	16



                	6 x 16 = 96

              




              

                	Total



                	



                	



                	164

              


            

          




        




        Example 1.10: Determine the relative formula mass (Mr) of ammonium sulphate, (NH4)2SO4 ?




        Answer:




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass

              


            



            

              

                	N



                	2



                	14



                	2 x 14= 28

              




              

                	H



                	8



                	1



                	8 x 1 = 8

              




              

                	S



                	1



                	32



                	1 x 32 = 32

              




              

                	O



                	14



                	16



                	4 x 16 = 64

              




              

                	Total



                	



                	



                	132

              


            

          




        


      




      

        Exercise 1.2




        What is the relative formula mass (Mr) of the following chemicals?




        

          	Carbon dioxide, CO2




          	Iron (II) sulphide, FeS




          	Copper sulphate, CuSO4




          	Benzene, C6H6




          	Calcium hydroxide, Ca(OH)2




          	Oxygen, O2




          	Sodium oxide, Na2O




          	Lead (II) nitrate, Pb(NO3)2




          	Nitrogen dioxide, NO2




          	Ethanoic acid, CH3COOH




          	Aluminium sulphate, Al2(SO4)3




          	Iron (III) nitrate, Fe(NO3)3




          	Calcium phosphate, Ca2(PO4)3




          	Silver nitrite, AgNO2




          	Potassium permanganate, KMnO4




          	Potassium dichromate, K2Cr2O7




          	Nickel sulphite, NiSO3




          	Copper tartrate, Cu2C4H4O6




          	Cobalt (II) chlorate, Co(ClO3)2




          	Diethyl zinc, (C2H5)2Zn


        


      


    




    

      1.3 Percentage Composition (%)




      The percentage composition of a chemical compound is the percentage by mass of each constituent element.




      To calculate the percentage composition of a chemical compound:




      

        	Step 1: Determine the number of atoms of each element present;




        	Step 2: Find relative atomic mass (Ar) for each element present;




        	Step 3: Calculate the total mass of each element present in the chemical formula of the compound, i.e.


        Mass of element in compound = relative atomic mass x number of atoms present;




        	Step 4: Add together all of the masses to obtain the Relative Formula Mass (Mr);




        	Step 5: For each element, calculate its percentage composition by mass by:


      
Mass of element in the compound/Mr x 100and check that the % composition of each element add up to 100.



      If the values do not add up to 100 then you have made an error and will need to repeat the calculation.




      These steps are summarised in the following percentage composition calculating frame for XaYbZc




      

        Percentage Composition Calculating Frame




        Answer:




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass



                	% composition

              


            



            

              

                	X



                	a



                	Ar(X)



                	a x Ar(X)



                	a x Ar(X)/Mr x 100

              




              

                	Y



                	b



                	Ar(Y)



                	b x Ar(Y)



                	b x Ar(Y)/Mr x 100

              




              

                	Z



                	c



                	Ar(Z)



                	c x Ar(Z)



                	c x Ar(Z)/Mr x 100

              




              

                	Total



                	



                	



                	Mr




                	100%

              


            

          




        




        Example 1.11: Calculate the percentage composition of Al2O3




        Answer:




        Steps 1-4 are the same as for calculating the relative formula mass of a compound.




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass



                	% composition

              


            



            

              

                	Al



                	2



                	27



                	54



                	

              




              

                	O



                	3



                	16



                	48



                	

              




              

                	Total



                	



                	



                	102



                	

              


            

          




        




        Step 5:




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass



                	% composition

              


            



            

              

                	Al



                	2



                	27



                	54



                	54/102 x 100 = 52.9

              




              

                	O



                	3



                	16



                	48



                	48/102 x 100 = 47.1

              




              

                	Total



                	



                	



                	102



                	100%

              


            

          




        




        Example 1.12: Calculate the percentage composition of Na2CO3




        Answer:




        Steps 1-4 are the same as for calculating the relative formula mass of a compound.




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass



                	% composition

              


            



            

              

                	Na



                	2



                	23



                	46



                	

              




              

                	C



                	1



                	12



                	12



                	

              




              

                	O



                	3



                	16



                	48



                	

              




              

                	Total



                	



                	



                	106



                	

              


            

          




        
Step 5:



        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass



                	% composition

              


            



            

              

                	Na



                	2



                	23



                	46



                	46/106 x 100 = 43.4

              




              

                	C



                	1



                	12



                	12



                	12/106 x 100 = 11.3

              




              

                	O



                	3



                	16



                	48



                	48/106 x 100 = 45.3

              




              

                	Total



                	



                	



                	106



                	100%

              


            

          




        




        Example 1.13: What is the mass of copper present in 150 tonnes of the ore, chalcopyrite CuFeS2?




        Answer:




        

          



          

            

              

                	Element



                	No. of atoms



                	Ar




                	Mass



                	% composition

              


            



            

              

                	Cu



                	1



                	63.5



                	63.5



                	63.5/183.5 x 100 = 34.6

              




              

                	Fe



                	1



                	19



                	56



                	56/183.5 x 100 = 30.5

              




              

                	S



                	2



                	32



                	64



                	64/183.5 x 100 = 34.9

              




              

                	Total



                	



                	



                	183.5



                	100%

              


            

          




        




        Example 1.14: 1.26 g of iron reacts with 0.54 g of oxygen to form rust. What is the percentage composition of each element in the new compound?




        Answer:




        This type of question can be answered using a shortened version of the same calculating frame.




        Mass of new compound = 1.26 + 0.54 = 1.8 g




        

          



          

            

              

                	Element



                	Mass



                	% composition

              


            



            

              

                	Fe



                	1.26



                	1.26 /1.8 x 100 = 70

              




              

                	O



                	0.54



                	0.54/1.8 x 100 = 30

              




              

                	Total



                	1.6



                	100%

              


            

          




        




        Example 1.15: Decomposition 8.657 g of a liquid sample into its elements gave 5.217g of carbon , 0.9620 g of hydrogen and 2.678 g of oxygen. Determine the percentage composition of the liquid.




        Answer:




        

          



          

            

              

                	Element



                	Mass



                	% composition

              


            



            

              

                	C



                	5.217



                	1.26 /1.8 x 100 = 70

              




              

                	H



                	0.962



                	0.962/8.657 x 100 = 11.1

              




              

                	O



                	2.478



                	2.478/8.657x 100 = 28.6

              




              

                	Total



                	



                	100%

              


            

          




        


      




      

        Exercise 1.3




        

          	What is the percentage composition by mass of silicon and chlorine in SiCl4?




          	Calculate percentage composition of CuSO4




          	Calculate the mass percentage of hydrogen in aspirin, C9H8O4.




          	What is the mass of silicon in 10g of clay, Al2Si2O5(OH)4?




          	What is the mass of sulphur in 1 tonne of H2SO4?




          	Determine the percentage composition of Ca3(PO4)2




          	What is the percentage composition of ammonium sulfate, (NH4)2SO4?




          	What is the mass of nitrogen present in 5g of aniline, C6H5NH2?




          	9.03g of Mg combine completely with 3.48g of N to form a compound. What is the percentage composition of this compound?




          	A 27.0 g sample of a compound contains 7.20 g of C, 2.20 g of hydrogen and 17.6 g of oxygen. Calculate the percentage composition of the compound.


        


      


    




    

      1.4. Empirical and Molecular Formula




      The empirical formula gives the simplest integer ratio of each element present in a compound. The integers are given as subscripts to right hand side of the chemical symbols. A molecular formula is the same as or a multiple of the empirical formula, i.e. (CH2O)n. Thus if a compound has an empirical formula of CH2O its molecular formula could be CH2O (n= 1), C2H4O2 (n= 2), C4H8O2 (n = 4) or C10H20O10 (n = 10) etc.




      

        Empirical Formula from Molecular Formula




        In general the empirical formula is obtained by dividing the subscripts of a molecular formula by the highest common denominator. This is best illustrated by the following examples:




        The molecular formula of glucose is C6H12O6. The highest common denominator of the subscripts, 6, 12 and 6, is 6. If we divide the subscripts in the molecular formula of glucose by 6, we get its empirical formula, CH2O.




        Hydrogen peroxide has the molecular formula: H2O2. The highest common denominator of the subscripts 2 and 2 is 2. Thus the empirical formula of hydrogen peroxide is HO.




        Water has the molecular formula, H2O. Since the highest common denominator of the subscripts is 1, the empirical and molecular formulas for water are the same.


      




      

        Exercise 1.4




        Determine the empirical formula from the following molecular formula:




        

          	C6H6




          	C2H4O2




          	P4O6




          	N2O5




          	C6H9




          	CH2OHCH2OH




          	C6H8O6




          	CuC2O4




          	Hg2F2




          	N2O4


        


      




      

        Molecular Formula from Empirical Formula




        Remember that the molecular formula is simply a multiple of the empirical formula. Thus the relative molecular mass of the molecular formula will be a multiple of the relative molecular mass of the empirical formula i.e. (XaYbZc)n




        Example 1.16: What is the molecular formula of a compound that has a molecular mass of 42 and an empirical formula CH2




        Answer:




        Relative molecular mass of CH2 = 12 + (2 x 1) = 14




        The number of multiples of empirical formula (i.e. n) = Mr (Molecular Formula)/Mr (Empirical Formula) = 42/14 = 3




        Molecular formula = (CH2)3 = C3H6




        Example 1.17: Determine the molecular formula vitamin C given that the empirical formula C3H4O3 and has a relative molecular mass of 176.




        Answer:




        Relative molecular mass of C3H4O3 = 88




        Molecular formula = (C3H4O3)n




        n = 176/88 = 2




        Molecular formula = (C3H4O3)2 = C6H8O6


      




      

        Exercise 1.5




        

          	What is the molecular formula of a substance which has the empirical formula CH2O and a molecular mass of 180?




          	Determine the molecular formula of chemical compound with a molecular mass of 46.0 and an empirical formula of NO2.




          	Which chemical compound has the empirical formula PO2 and a relative formula mass of 252?




          	What is the molecular formula of a compound with an empirical formula C2H4O4 and a relative formula mass of 132?




          	A compound with an empirical formula of C4H4O and a relative formula mass of 272. What is the molecular formula of this compound?




          	Determine the molecular formula of a compound with the empirical formula of CFBrO and a relative formula mass of 254.7.




          	What is the molecular formula of a compound with an empirical formula of CH2N and a molecular mass of 84?




          	Dimethylglyoxime, has the empirical formula C2H4NO and a relative formula mass is 116. What is the molecular formula of the compound?




          	The common headache remedy, Ibuprofen has the empirical formula C7H9O and a molecular mass of approximately 218. Determine the molecular formula of Ibuprofen.




          	Determine the molecular formula of a compound with an empirical formula of C2H3O and a molecular mass of 172.


        


      




      

        Empirical and Molecular Formulas from % Composition




        To calculate empirical formula from percentage compositions of a compound use the calculating frame given below:




        Empirical Formula from Percentage Composition Calculating Frame




        

          



          

            

              

                	



                	Element 1



                	Element 2



                	Element 3

              


            



            

              

                	% composition



                	



                	



                	

              




              

                	Ar




                	



                	



                	

              




              

                	% composition/Ar




                	



                	



                	

              




              

                	Ratio



                	



                	



                	

              


            

          




        




        

          	
Step 1: Write the names or symbols of the elements;




          	
Step 2: For each element give its % composition;




          	
Step 3: Find the Ar value for each element;




          	
Step 4: Divide the % value for each element by its Ar;




          	
Step 5: Divide throughout by the smallest value;




          	
Step 6: Write down the chemical formula.


        




        The action at Step 5 usually gives you the simplest whole number ratio straightaway. Sometimes it does not, so you might get 1 and 1.5. In this example, you would multiply both numbers by 2, giving 2 and 3 (instead of rounding 1.5 up to 2).




        Example 1.8: What is the empirical formula of the compound with the following composition (by mass): 48.38% carbon, 8.12% hydrogen and 43.5% oxygen?




        Answer:




        %O = 100 – 48.38 – 8.12 = 43.5%




        

          



          

            

              

                	Step 1



                	



                	Carbon



                	Hydrogen



                	Oxygen

              


            



            

              

                	Step 2



                	% composition



                	48.38



                	8.12



                	43.5

              




              

                	Step 3



                	Ar




                	12



                	1



                	16

              




              

                	Step 4



                	% composition/Ar




                	48.38/12 = 4.03



                	8.12/1 = 8.12



                	43.5/16 = 2.7

              




              

                	Step 5



                	Ratio



                	1.5


                3



                	3


                6



                	1


                2

              


            

          




        




        Example 1.9: Determine the empirical formula and the molecular formula of a compound that contains 50.05 % sulfur and 49.95 % oxygen by weight and has a molecular mass of 64.07.




        Answer:




        

          



          

            

              

                	Step 1



                	



                	Sulfur



                	Oxygen

              


            



            

              

                	Step 2



                	% composition



                	50.05



                	49.95

              




              

                	Step 3



                	Ar




                	32



                	16

              




              

                	Step 4



                	% composition/Ar




                	50.05/32.06 = 1.l56



                	49.95/16 =3.12

              




              

                	Step 5



                	Ratio



                	1.156


                1



                	3.12


                2

              


            

          




        




        Example 1.20: A compound with a molecular mass of 74.14 was found to contain 64.80 % carbon, 13.62 % hydrogen, and 21.58 % oxygen by weight. Determine the empirical formula and the molecular formula of this compound.




        Answer:




        

          



          

            

              

                	Step 1



                	



                	Carbon



                	Hydrogen



                	Oxygen

              


            



            

              

                	Step 2



                	% composition



                	64.8



                	13.62



                	21.58

              




              

                	Step 3



                	Ar




                	12



                	1



                	16

              




              

                	Step 4



                	% composition/Ar




                	64.8/12 = 5.4



                	13.62/1= 13.62



                	21.58/16 = 1.34

              




              

                	Step 5



                	Ratio



                	4



                	10



                	1

              


            

          




        




        Example 1.21: An antimony chloride was formed by completely reacting 0.295 g of chlorine with a 0.338 g sample of antimony. What is the empirical formula of the antimony chloride?




        Answer:




        Mass of antimony chloride = 0.338 + 0.295 = 0.633 g




        

          



          

            

              

                	Step 1



                	



                	Antimony



                	Chlorine

              


            



            

              

                	Step 2



                	% composition



                	0.338/0.633 x 100 = 53.4



                	0.295/0.633 = 46.6

              




              

                	Step 3



                	Ar




                	121.8



                	35.5

              




              

                	Step 4



                	% composition/Ar




                	53.4/121.8 = 0.44



                	46.6/35.5 = 1.31

              




              

                	Step 5



                	Ratio



                	0.44


                1



                	1.31


                3

              


            

          




        




        Example 1.22: A sample of magnetite contained 50.4 g of iron and 19.2 g of oxygen. Calculate the empirical formula of the ore.




        Answer:




        Mass of magnetite sample = 50.4 + 19.2 = 69.6 g


        Mass of magnetite sample = 50.4 + 19.2 = 69.6 g


        % Fe = 50.4/69.6 x 100 = 72.4%


        %O = 19.2/69.6 x 100 = 27.6%




        

          



          

            

              

                	Step 1



                	



                	Iron



                	Oxygen

              


            



            

              

                	Step 2



                	% composition



                	72.4



                	27.6

              




              

                	Step 3



                	Ar




                	55.85



                	35.5

              




              

                	Step 4



                	% composition/Ar




                	1.3



                	1.73

              




              

                	Step 5



                	Ratio



                	1


                3



                	1.33


                4

              


            

          




        


      




      

        Exercise 1.6




        

          	A compound contains 24.74% potassium, 34.76% manganese, and 40.50% oxygen. Determine the empirical formula of this compound.




          	The percent composition of a compound was found to be 19.3% sodium, 26.9% sulfur, and 53.8% oxygen. Its formula mass is 238. What is its molecular formula?




          	A compound contains 16.7 g of Iridium and 10.3 g of selenium, what is its empirical formula?




          	It is found that 207g of lead combined with 32g of sulphur to form 239g of lead sulphide. From the data work out the formula of lead sulphide.




          	Find the empirical formula of a compound which has the following percent composition 41.3% C, 10.4% H, and 48.2% N.




          	Determine the empirical and molecular formula for a compound if its molar mass is 308 and contains 85.69% carbon; 3.93% hydrogen and 10.38% oxygen.




          	Determine the empirical and molecular formulas of the female steroid hormone, estradiol, which has a molecular mass of 278.




          	A sample of the amino acid glycine contains 1.56 g C, 0.333 g H, 2.08 g O, and 0.910 g N. Determine its empirical formula.




          	The composition of acetic acid is found to be 39.9% C, 6.7% H and 53.4% O. Determine the empirical formula of acetic acid.




          	A 50.51 g sample of a phosphorus chloride was decomposed. Analysis of the products showed that 11.39 g of phosphorus was produced. What is the empirical formula of the chloride?




          	What is the empirical formula of a molecule containing 18.7% lithium, 16.3% carbon, and 65.0% oxygen?




          	Use the following percent composition data to determine the empirical formula of an unknown compound: 40.50% Zn; 19.86% S; 39.64% O.




          	A hydrocarbon contains 40.10% carbon; 6.49% hydrogen and 51.41% oxygen. Determine the empirical formula of the compound.




          	A nitrogen oxide contains 36.84% N. What is the empirical formula of the oxide?




          	An unknown compound was found to have the following percent composition: 47.0 % potassium, 14.5 % carbon, and 38.5 % oxygen. What is its empirical formula? If the relative molecular mass of the compound is 166, what is its molecular formula?
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