CHAPTER 2 - CHEMICAL REACTIONS AND STOICHIOMETRY



2.1  Electrovalencies and Chemical formulae

One of the most important tasks every VCE student of chemistry must undertake is to develop a thorough working knowledge of electrovalencies of common cations and anions. Without this knowledge, the student cannot hope to ever master the writing of chemical equations and, subsequently, the principles and applications of stoichiometry. The Table below lists some common ions which should be studied and committed to memory.



Table 2.1: Electrovalencies



Cations



+1�+2�+3�+4��lithium   Li+

sodium   Na+

potassium   K+

hydrogen  H+  or  H3O+

copper (I)  Cu+

silver   Ag+

ammonium   NH4+�magnesium   Mg2+

calcium   Ca2+

strontium   Sr2+

barium   Ba2+

iron (II)   Fe2+

copper (II)   Cu2+

Nickel   Ni2+

zinc   Zn2+

tin (II)   Sn2+

lead (II)   Pb2+

manganese (II)   Mn2+�aluminium   Al3+

chromium   Cr3+

iron (III)   Fe3+�tin (IV)   Sn4+

lead (IV)   Pb4+�� 

Anions



-1�-2�-3��fluoride   F-

chloride   Cl-

bromide   Br-

iodide   I-

hydride   H-

hydroxide   OH-

nitrate   NO3-

nitrite   NO2-

permanganate   MnO4-

chlorate   ClO3-

hydrogen sulfate   HSO4-

hydrogen sulfite   HSO3-

hydrogen sulfide   HS-

hydrogen carbonate   HCO3-

dihydrogen orthophosphate

            H2PO4-�oxide   O2-

peroxide O22-

sulfate   SO42-

sulfite   SO32-

sulfide   S2-

carbonate   CO32-

chromate   CrO42-

dichromate   Cr2O72-

thiosulfate   S2O32-

monohydrogen orthophosphate

       HPO42-



�nitride   N3-

orthophosphate   PO43-��

To write balanced chemical formulae for particular substances ensure the overall positive charge of the cation balances that of the anion. Note that if more than one molecule-ion species is required to achieve electrical neutrality, brackets must be used.



Example 2.1

Write balanced chemical formulae for the following ionic substances:

	(a) magnesium chloride

	(b) iron (II) sulfate

	(c) ammonium carbonate

	(d) potassium dichromate

	(e) copper (II) nitrate



Solution

	(a)  Mg2+  +  2Cl-  =  MgCl2

	(b)  Fe2+  + SO42-  =  FeCO3

	(c)  2NH4+   +  CO32-  =  (NH4)2CO3

	(d)  2K+  +  Cr2O72-  =  K2Cr2O7

	(e)  Cu2+  +  2NO3-  =  Cu(NO3)2



2.2  General types of Chemical reaction

A balanced chemical equation is one which shows the chemical formulae of both reactants and products and the ratio in which they react. The equation is balanced when the number of atoms of each element is equal on both sides of the equation. In the case of ionic and/or partial redox equations, the overall charge must also be balanced. 



To assist in writing chemical equations it is useful to be able to recognise some general reaction types and then apply these “proforma” to the specific equation to be balanced. As with most general applications, these reaction types cannot be used in every situation and each equation needs to be considered individually.



1.	Acid + metal hydroxide ---->  salt + water

eg.     HCl (aq)  +  NaOH (aq)  ---->  NaCl (aq)  +  H2O (l)



2.	Acid + metal oxide  ---->  salt + water 

eg.   H2SO4 (aq)  +  ZnO (s)  ---->  ZnSO4 (aq)  +  H2O (l)



3.  	Acid + metal carbonate  ---->  salt + carbon dioxide + water

eg.       2HCl (aq)  +  CaCO3 (s)  ---->  CaCl2 (aq)  +  CO2 (g) +  H2O (l)



4.	Acid + metal sulfide  ---->  salt + hydrogen sulfide 

eg.    2HNO3 (aq)  +  FeS (s)  ---->  Fe(NO3)2 (aq)  +  H2S (g)



5.  	Reactive metal + water  ---->  metal hydroxide + hydrogen

eg.               2Na (s)  + 2H2O(l)   ---->  2NaOH (aq)  +  H2 (g) 



6.	metal carbonate  � EMBED Equation.2  ��� metal oxide  +  carbon dioxide

eg.              MgCO3 (s) � EMBED Equation.2  ��� MgO (s)  +  CO2 (g)



7.	nonmetal oxide  +  metal hydroxide  ---->  salt  +  water

eg.  	             SO2 (g)   +  2NaOH (aq)  ---->  Na2SO3 (aq)  +  H2O (l)	



8.	hydrocarbon  +  oxygen  ---->  carbon dioxide  +  water

eg.             2C4H10 (g)  +   13O2 (g)  ---->  8CO2 (g)  +  10H2O (l) 



2.3  Writing Ionic equations

Ionic equations, as the name would suggest, are often used when ions are involved in reactions which occur in aqueous media. In these conditions, it is common for some ions to take no active role in the reaction and so they are classified as spectator ions. To recognise these ions it is necessary to establish those which remain in aqueous state throughout the reaction. The ions which do react with another substance and so change state are recorded in the ionic equation. A knowledge of the solubilities of some common ionic compounds is therefore necessary.



Table 2.2 - Solubilities of Ionic compounds



Ion�Soluble�Slightly soluble�Insoluble��sodium   Na+

potassium   K+

ammonium   NH4+

nitrate   NO3-

chloride   Cl-

bromide   Br-

sulfate   SO42-

carbonate

hydroxide

sulfide�all

all

all

all

most

most

most

Na2CO3, K2CO3, (NH4)2CO3

NaOH, KOH, NH4OH, Ba(OH)2

Na2S, K2S, (NH4)2S, MgS, CaS, BaS�-

-

-

-

PbCl2

PbBr2

Ag2SO4, CaSO4

-

-

-�-

-

-

-

AgCl

AgBr, HgBr2

BaSO4, PbSO4

most

most

most��

To write a balanced ionic equation for a chemical reaction the following procedure may be adopted:

	(i) write a balanced chemical equation, including states

	(ii) re-write this equation listing all aqueous species as separate ions

	(iii) write the ionic equation, showing only those species which change state

	(iv) list the spectator ions as those which remain aqueous throughout, if required

Example 2.2

Write ionic equations for each of the following chemical reactions, listing spectator ions in each case:

(a) a solution of nitric acid is neutralised by dilute potassium hydroxide solution.

(b) a precipitate of silver bromide is formed when solutions of silver nitrate and copper (II) bromide are mixed.

(c) solutions of sodium hydrogen carbonate and hydrochloric acid effervesce when mixed.

(d) copper metal is displaced from a solution of copper (II) sulfate by tin granules.



Solution

 (a)  (i) HNO3 (aq)  +  KOH (aq)  ---->  KNO3 (aq)  +  H2O (l)

(ii) H+ (aq)  +  NO3-(aq)  +  K+ (aq)  +  OH- (aq)  ----> K+ (aq)  + NO3- (aq)  + H2O (l)

(iii) H+ (aq) +  OH- (aq)  ---->   H2O (l)

		Spectator ions are K+ (aq)  and NO3- (aq)



(b)  (i)  AgNO3 (aq)  +  CuBr2 (aq)  ---->  
2
AgBr
 (s)  +  Cu(NO3)2 (aq)

(ii) Ag+ (aq) + NO3- (aq) + Cu2+ (aq) + 2Br- (aq)  ----> 
2
AgBr
 (s)  + Cu2+ (aq) + 2NO3- (aq) 

(iii) Ag+
 (aq) +
Br- (aq)  ----> AgBr
 (s)

		Spectator ions are Cu2+ (aq) and NO3- (aq)



(c)  (i)  NaHCO3 (aq)  +  HCl (aq)  ---->  NaCl (aq)  +  CO2 (g)  +  H2O (l)


(ii) 
Na+(aq) + HCO3
-
(aq) + H+(aq) + Cl- (aq)  ---->  Na+(aq) + Cl- (aq) + CO2 (g) + H2O(l)

(iii) HCO3-(aq) + H+(aq)  ---->  CO2 (g) + H2O(l)

		Spectator ions are Na+ (aq) and Cl- (aq)



(d) (i)  CuSO4 (aq)  + Sn (s)  ---->  Cu (s)  +  SnSO4 (aq)

(ii)  Cu2+ (aq)  +  SO42- (aq) + Sn (s)  ---->  Cu (s)  +  Sn2+ (aq)  + SO42- (aq)  

(iii) Cu2+ (aq) + Sn (s)  ---->  Cu (s)  +  Sn2+ (aq)

		Spectator ion is SO42- (aq)



2.4 Stoichiometric Processes

A thorough understanding of the various stoichiometric techniques is essential to all students of chemistry. Fortunately, they all follow the same basic process - once this is mastered, all stoichiometric problems can be solved as variations on a theme. 



The process is as follows:



1.  Write a balanced chemical equation for the reaction (or reactions) under consideration.

2.  List all data given, including relevant units. These data may be masses, volumes and concentrations of aqueous solutions, pressures and temperatures of gases etc. etc. Remember to also write down the symbol of the unknown quantity!

3.  Convert the data give
n
 to moles, using the relevant formulae.

		ie
.
  
�
 
EMBED 
Equation.2 
 
�
�
�
,    
�
 
EMBED 
Equation.2 
 
�
�
�
,  
  
�
 
EMBED 
Equation.2 
 
�
�
�


4.  Use the chemical equation to determine the mole ratio of the unknown quantity to the known quantity. This ratio enables calculation of the number of moles of the unknown quantity to be determined.

5.  Finally, convert this number of mole back into the relevant units of the unknown. The problem is solved!



It is imperative that much practice of stoichiometric questions be conducted to ensure the student become very familiar and confident with the variety of problems that could be encountered.



	2.4.1  Mass - mass stoichiometry






Example 2.3

5.6 g of sodium metal reacts vigorously with water to produce an alkaline solution of NaOH accompanied by the evolution of hydrogen gas and considerable amounts of heat. Calculate the mass of hydrogen gas evolved in this reaction.



Solution

	2Na (s)  +  2H2O (l)  ---->  2NaOH (aq)  +  H2 (g)

          m = 5.6g				        m = 5.0g

    M = 23.0g.mol-1				   M = 2.00 g.mol-1



	n (Na) =  � EMBED Equation.2  ��� g  = 0.243 mol 

	From the equation,  n (H2) = � EMBED Equation.2  ��� x n (Na)  = 0.122 mol

	Mass of H2 (g) = n x M =  0.122 x 2 = 0.224g



Example 2.4

Hydrogen sulfide gas was bubbled through 250.0ml of a solution containing 17.85g.L-1 of lead (II) nitrate until all the lead was precipitated as lead sulfide.

	(i) Write a balanced equation for the reaction.

	(ii) 
Calculate
 the mass of lead sulfide precipitated.

	(iii) Calculate the mass of hydrogen sulfide required.



Solution

	 (i) H2S (g)  +  Pb(NO3)2 (aq)  ---->  PbS (s)  +  2HNO3 (aq)



(ii)  m (Pb(NO3)2) = � EMBED Equation.2  ��� x 17.85  =  4.463g

	M (Pb(NO3)2)  = 331.2 

	( n (Pb(NO3)2) = � EMBED Equation.2  ��� mol

	From the equation, n (PbS) = n (Pb(NO3)2) = 0.0135 mol

	( mass of PbS = n x M = 0.0135 x 239.3 = 3.23g



(iii) 	From the equation, n (H2S) = n (Pb(NO3)2) = 0.0135 mol

	( mass of H2S = n x M = 0.0135 x 34.1 = 0.460g





	


	2.4.2  Mass - volume stoichiometry



Example 2.5

Calculate the mass of HgBr2 precipitated when 15.00ml of 0.337 M Hg(NO3)2 solution is added to excess KBr solution.



Solution

The equation for the reaction is

	Hg(NO3)2 (aq) +  2KBr (aq)  ----> HgBr2 (s)  +  2KNO3 (aq)

     

   [Hg(NO3)2] = 0.337M		       m(HgBr2) = ?

  V (Hg(NO3)2) = 15.00 ml



n (Hg(NO3)2) = CV = 0.337 x 0.015 = 5.055 x 10-3 mol

From the equation, n (HgBr2) = n (Hg(NO3)2) = 5.055 x 10-3

	( mass of H2S = n x M =  5.055 x 10-3 x 360.4 = 1.822g



Example 2.6

What mass of P4O10 can be produced by reacting 12.82g of P4O6 with 150 ml of 0.75M I2 solution, and which 
reagent
 is in excess? The equation for the reaction is

	5P4O6 (s)  +  8I2 (aq)  ---->  4P2I4 (aq)  +  3P4O10 (s)



Solution



Note: To solve stoichiometric problems where one reactant is in excess and we have to determine which it is, we must first calculate the number of moles of all reactants and then use the mole ratio from the equation to deduce which 
reagent
 is in excess and which is the limiting 
reagent
. To calculate the amount of product formed we can only utilise the limiting 
reagent
.



n (P4O6) = � EMBED Equation.2  ��� mol 		n (I2) = CV = 0.75 x 0.150 = 0.113 mol

From the equation, n (I2) required to use up all of the P4O6 is  � EMBED Equation.2  ��� x n (P4O6) = 0.0933 mol

	ie. the I2  is in excess (by 0.113 - 0.0933 = 0.0197 mol)



In this case, the limiting 
reagent
 is P4O6 and so we can now calculate the n (P4O10) 
formed
.



From the equation,  n (P4O10) = � EMBED Equation.2  ��� x  n (P4O6) = 0.0350 mol

	( mass of P4O10 = n x M =  0.0350 x 283.9 = 9.930g







2
.5 The Gas Laws

There are several laws governing the (ideal) behaviour of gases which are listed below. Note that gases do not behave according to the “ideal” when the temperature becomes relatively low as the weak dispersion forces acting between particles can become of great enough significance for the gas to change state to the liquid. 

The most commonly used of the Gas Laws in Year 12 chemistry is the 





G
eneral Gas Equation
 
 PV = nRT






When using the General Gas equation, it is often useful to express Pressure in kPa and Volume in L. When these units are used, the Gas Constant, R = 8.314 JK-1mol-1








Under 
standard conditions
 of temperature and pressure this formula can be simplified to calculate the volume occupied by one mole of gas, called the molar volume; symbol V
M
, where



� EMBED Equation.2  
�
�
�  
and
 VM
 = 22.4
L at S.T.P. and 24.5L at S.L.C.





Note 

S.T.P. stands for “standard temperature and pressure”, where T =  0 (C and P = 1.00atm.  S.L.C. stands for “standard laboratory conditions”, where T = 25 (C and P = 1.00atm.






Some o
ther useful laws governing the Ideal behaviour of gases 
are:



B
oyle’s Law   P ( � EMBED Equation.2  ���,  where T and n remain constant.


Charles’ Law  V  ( T , where V and n remain constant.



For calculation purposes, these two laws can be merged to produce the relation 



				 � EMBED Equation.2  ���,   where n is constant






Units:  Use of the correct Units is of critical importance when performing calculations involving gases (and all other calculations, of course).



  Pressure:  1 atmosphere = 101.325 kPa (kNm-2)  =  101,325 Pa (Nm-2) = 760 mmHg



  Temperature:  0 (C  =  273 K, where ‘Kelvin’ is the Absolute temperature scale.



  Volume:  1000 ml (cm-3)  =  1.00L (dm-3)  = 0.001 kL (m3)







	


	
2
.5.1 Volume stoichiometry



Example 2.7	

A commonly available antacid preparation contains 2.32g of sodium bicarbonate (NaHCO3) per 5g sample. Presuming all of the antacid reacts with the excess acid in the stomach, calculate the volume of carbon dioxide gas produced  at 1.05 atm pressure and 37 (C. 



Solution

 The relevant equation is

	NaHCO3 (s)  +  2HCl (aq)  ---->  2NaCl (aq)   +  CO2 (g)  +  H2O (l)



n (NaHCO3) = � EMBED Equation.2  ��� mol

 

From the equation, n(NaHCO3)  =  n(CO2) = 0.0276 mol



		PV = nRT  (  V =  � EMBED Equation.2  ���



Example 2.8

Nitroglycerine reacts explosively with oxygen gas in a highly exothermic reaction according to the equation

	4C3H5(NO3)3 (l) ----> 12CO2 (g) + 6N2 (g) + O2 (g) + 10H2O (g)

Calculate the volume of gaseous products generated at 45 (C and 99.83 kPa pressure when 8.25g of nitroglycerine reacts completely.



Solution

	n (C3H5(NO3)3) = � EMBED Equation.2  ��� mol



From the equation, n (gaseous products) = � EMBED Equation.2  ��� n (C3H5(NO3)3)  =  0.263 mol



	PV = nRT  (  V =  � EMBED Equation.2  ���




















	
2
.6 Summary
/ Objectives



At the end of this Chapter you should


	- 
learn 
the electrovalencies of the common cations and anions as listed in Table 2.1

	- 
be able
 to write balanced formulae of compounds and 
be able to 
accurately name them


	-
 learn the general reaction types and be able to use them to help you to write balanced chemical equations


	- be able to write balanced ionic equations having been given relevant solubility data. Recognise the existence of spectator ions.

	
- recogni
se that a balanced chemical equa
tion 
gives the mole ratio of reactants to products for a reaction and that this equation can be used in stoichiometric calculations



	
-
 
be familiar with the processes involved in performing stoichiometric calculations, including mass-mass, mass-volume and volume-volume types of problem


	- learn and be able to use in context the formulae
 



		
�
 
EMBED 
Equation.2 
 
�
�
�
  and  
�
 
EMBED 
Equation.2 
 
�
�
�
  
 
 


	- for problems involving solutions, be able to
 recognise and 
perform calculations in 
a range of concentration units; specifically molar and ppm
 


	- for problems involving gases
 
learn and be abl
e to use in context the formula


		
� EMBED Equation.2  
�
�
�,   where n is constant
 

	- 
learn 
and be able to use in context the
 General Gas Equation 
�
 
EMBED 
Equation.2 
 
�
�
�


	- remember the correct units to employ when using 
�
 
EMBED 
Equation.2 
 
�
�
�
 and be able to 
inter
convert units of temperature, pressure and volume


	- learn the 
specific 
conditions of 
S
.
T
.
P
.
 and S
.
L
.C. 
and be able to use in its correct context the formula


		
� EMBED Equation.2  
�
�
�  where VM = 22.4 L at S.T.P. and 24.5L at S.L.C.


	- be able to perform calculations involving excess reagents, by using the mole ratio of the relevant chemical equation

































Chapter 2 - Questions



1.  Chemical and Ionic Equations

Q1.	Write balanced equations, including states, for the following processes:

(a)  When an electric current is passed through water it decomposes to its constituent elements.

(b)  A dilute solution of hydrochloric acid dissolves a strip of magnesium to produce a solution of magnesium chloride and hydrogen gas.

(c)  Sulfuric acid reacts with a solution of potassium hydroxide to produce potassium sulfate and water.

(d)  Propane undergoes complete combustion in excess oxygen to produce carbon dioxide and water.

(e) Aluminium metal reacts slowly with hydrochloric acid to produce a solution of aluminium chloride and hydrogen gas. 

(f) Marble chips (calcium carbonate) dissolves in a solution of acetic acid to produce a solution of calcium acetate, carbon dioxide gas and water.

(g) When solutions of potassium iodide and lead (II) nitrate are mixed, a bright yellow precipitate of lead (II) iodide is formed.

(h) On standing, hydrogen peroxide spontaneously decomposes to water and oxygen gas.

(i) When carbon dioxide is bubbled through a solution of limewater (calcium hydroxide) a milky precipitate of calcium carbonate is formed.

(j) Solutions of silver nitrate and sodium chloride are mixed to produce a white precipitate of silver chloride.



Q2.  Use your knowledge of general reaction types to write balanced chemical equations for each of the following reactions:

(a) solutions of nitric acid and sodium carbonate are mixed.

(b) sodium metal is added to water.

(c) butene is burnt in a plentiful supply of air.

(d) solutions of strontium iodide and lithium sulphate are mixed.

(e) zinc metal is placed in a solution of copper sulphate.

(f) aluminium sulphide reacts with hydrochloric acid.

(g) calcium carbonate decomposes to calcium oxide upon strong heating.

(h) sulfur dioxide gas is bubbled through a solution of potassium hydroxide 

(i) incomplete combustion of methane in a limited supply of air results in the formation of carbon monoxide gas.

(j) sodium hydrogen carbonate effervesces when reacted with a dilute solution of hydrochloric acid.



Q3. 	Write ionic equations for each of the following reactions:

(a) dilute acetic acid reacts with a solution of potassium hydroxide.

(b) orthophosphoric acid reacts with a solution of barium hydroxide.

(c) solutions of nickel sulfate and ammonium carbonate are mixed.

(d) powdered aluminium reacts readily with warm dilute sulfuric acid.

(e) solutions of tin (II) chloride and sodium hydroxide are mixed.

2.	Mass-Mass stoichiometry



Q4.  Calculate the mass of magnesium oxide formed when 2.431g of magnesium is burnt in excess oxygen.



Q5.  Calculate the mass of carbon dioxide released when one litre of octane undergoes complete combustion in air according to the equation 

	2C8H18(l)  +  25O2(g) ----->   16CO2(g)  +  18H2O (l)



						Note: density of octane = 0.785g.cm-3



Q6.  Copper (II) nitrate decomposes on heating according to the equation 

	2Cu(NO3)2 (s)  ----->  2CuO (s)  +  4NO2 (g)  +  O2 (g)



After decomposition of a sample of copper nitrate, 3.6g of black copper oxide remains. 

Calculate the original mass of copper nitrate required.



Q7.  Assuming that limestone is 100% calcium carbonate, what mass of quicklime (calcium oxide) will be produced by the thermal decomposition of  500g of limestone?



Q8.  Potassium chromate reacts with potassium chloride, in the presence of concentrated sulphuric acid, to form the deep red liquid chromyl chloride (Cr2O2Cl2), of density 1.935 g.cm-3. The equation for the reaction is as follows:

	K2Cr2O7  +  4KCl + 3H2SO4  ---->  2 Cr2O2Cl2  +  3K2SO4  +  3H2O



Calculate the volume of chromyl chloride liquid formed from 6.25g of potassium dichromate. 



Q9.  A 5.0 tonne charge of haematite ore (impure iron (III) oxide) undergoes reduction within a blast furnace according to the equation

	Fe2O3 (s)  +  3CO (g)  ---->  2Fe (l)  +  3CO2 (g)



Calculate the percentage purity of the ore if  2.73 tonnes of iron is produced.



Q10.  The sulfur content of coal may be estimated by igniting the sample of coal with Na2CO3 and then, by suitable treatment, converting the sulfur present to a precipitate of BaSO4. If, in a particular analysis, a 2.00g sample of coal yields 0.493g of barium sulfate, what was the percentage by mass of sulfur in the coal?



Q11.  A 1.233g sample of a mixture of NaBr and CdBr2 is treated with an excess of silver nitrate solution, which precipitates all the Br- as AgBr. A mass of 1.910g of AgBr is obtained. What is the percentage by mass of CdBr2 in the sample?



Hint: Let m(NaBr) = x g, then m(CdBr2) = (1.233 - x) g. This question is quite difficult!



3.	Mass-Volume stoichiometry



Q12.  A sample of 8.655g of sulfamic acid (H2NSO3H) is dissolved in water and the solution is carefully diluted to 100.00ml. What is the molarity of the solution?



Q13.  Calculate the mass of zinc sulfate precipitated when 20.00ml of 0.45 M zinc nitrate solution reacts with excess sulfuric acid. 



Q14.  What mass of sodium hydrogen carbonate will react exactly with 25.00 ml of 1.55M nitric acid according to the equation 

	NaHCO3 (s)  +  HNO3 (aq)  ---->  NaNO3 (aq)  +  H2O (l)  +  CO2 (g)



Q15.  What volume of 0.20 M LiOH solution will exactly neutralise 35.9 ml of 0.11 M sulfuric acid 
solution
?



Q16.  The reaction between copper and concentrated nitric acid can be represented by the equation

	Cu (s)  +  4HNO3 (aq)  ---->  Cu(NO3)2 (aq)  +  2NO2 (g)  +  2H2O(l)



What volume of 14M HNO3 would be required to completely dissolve 8.4g of copper?



Q17. What mass of silver chloride will be precipitated when 25.0 ml of a solution containing 0.50 M silver nitrate is reacted with 30.0 ml of 0.35 M sodium chloride solution? Which 
reagent
 is in excess, and by how much (in grams)?



Q18.  45.0ml of  0.750 M AgNO3 solution is added to 65.0ml of 1.375 M Cr(NO3)3 solution. Calculate the resultant concentration of nitrate ions in the mixture.



Q19.  A student is required to make up 250.0 ml of 0.200M nitric acid solution from a stock supply of  concentrated (14 M) acid. What volume of the concentrated acid will she need to use, and what volume of water will need to be added? 



4. Gas Volume calculations



Q20.  Calculate the volume occupied by 4.4g of carbon dioxide gas at Standard Laboratory Conditions. (Note: Vm = 24.5 L at S.L.C.)



Q21.	Hydrogen peroxide decomposes over time to produce oxygen gas and water. What volume of O2 (g) at S.T.P. will be produced by the complete decomposition of 200ml of 6.0 M H2O2 solution.



Q22.  An oxygen cylinder of internal volume 6.65L contains oxygen gas under a pressure of 16.7 MPa at a temperature of 28(C. 

	(i) Calculate the mass of oxygen in the cylinder.

	(ii) What volume would this gas occupy at 22(C and 1.13 atm. pressure?





Q
23.  Propane is commonly used as the principle fuel in BBQ gas bottles. Given that a  9.0 kg gas bottle contains 85% propane which undergoes complete combustion according to the equation 

	C3H8 (l)  +  5O2 (g)  ---->  3CO2 (g)  +  4H2O (l)



Calculate the volume of CO2 produced at 35(C and 98.6 kPa pressure. 			 



Q24.  Calculate the number of atoms of neon gas in a fluorescent tube of volume 3.21 L and pressure 560 Pa at a temperature of  26(C.



Q25.  In the preparation of nitrogen monoxide by the reaction

	3Hg (l)  +  8HNO3 (aq)  ---->  3Hg(NO3)2 (aq)  +  2NO (g)  +  4H2O (l)



24.7 g of mercury was treated with 180 ml of 6.0 M nitric acid. Calculate

	(a)  Which 
reagent
 is in excess and by how much (in grams)?

	(b)  What volume of NO is formed at S.T.P. ?  (Note: Vm = 22.4 L at S.T.P.)



Q26.	A gaseous compound of carbon and hydrogen contains 92.26% carbon. When 1.373g of the compound is collected at a temperature of 25(C and a pressure of  99.485 kPa it is found to occupy a volume of 1.308 L. What is the molecular formula of the compound?







�Chapter Two Solutions



Q4. 4.031g    Q5. 2424g    Q6. 8.494g



Q7. 280g    Q8. 4.54 ml    Q9. 78.1%    Q10. 3.39%   Q11. 20.4%    Q12. 0.893 M



Q13. 1.453g   Q14. 3.255g   Q15. 39.5 ml    Q16. 37.8 ml  



Q17. AgNO3 is in excess by 0.340g,  m(AgCl) = 1.505g   Q18. 2.744 M    Q19. 3.57 ml,   



246.43 ml   Q20. 2.45 L  Q22. (i) 1420g,  (ii) 950.6 L   Q23. 1.355 x 104 L   



Q24. 4.355 x 1020   Q25 a) HNO3 is in excess by 47.35g,  b) 1.839 L  Q26.  CH,  C2H2





