CHAPTER 3 - ACIDS AND BASES





3.1 Introduction


The existence of acids and bases has been recognised since Ancient times, though definitions of their properties and reactivity are much more recent. The Romans knew how to make soap: by boiling animal fats with “caustic soda”, what we would now describe as sodium hydroxide. In the Middle Ages, alchemists described chemical substances in terms of their physical properties, such as colour, taste and smell. Hence, the unfortunate person who first described sulfuric acid was moved to describe the substance as “Oil of Vitriol”. 





In a more modern context, we are aware of this important class of chemicals from such significant examples as the amino acids (building blocks of proteins), ascorbic acid (Vitamin C) - an important and widely used food preservative, citric acid (the principle component of citrus fruits that imparts the characteristically tart taste to these fruits), and antacid preparations (typically containing such compounds as Na2CO3, NaHCO3 and Al(OH)3) used to ease the indigestion caused by excess stomach acid. In Western societies, the serious problem of  “acid rain” (mainly caused by the hydrolysis reactions of the oxides of sulfur, nitrogen and carbon with rainwater) has yet to be effectively addressed. 





3.2  Definition of acid-base function


The most useful way in which the behaviour of this class of compounds may be defined, as far as the VCE chemistry student is concerned, is in terms of the Br(nsted/ Lowry theory.





A Br(nsted/ Lowry acid is defined as any ion or molecule that can donate a proton (H+). 


A Br(nsted/ Lowry base is defined as any ion or molecule that can accept a proton (H+).





Note that acids and bases always function together; an acid cannot donate a proton unless there is a base available to accept it, and vice versa. Furthermore, when an acid donates a proton, the product of this reaction must, by definition, be able to accept a proton in the reverse reaction. This concept of conjugicity, or the existence of conjugate acid-base pairs, is really of critical importance to a thorough understanding of the chemistry of acids and bases.





Students should also recognise that a proton (H+) in aqueous solution will attach itself to a water molecule (due to the polarity of water) to generate the species H3O+, generally known as the ‘hydronium ion’:


		H2O (l)  +  H+ (aq)  ----> H3O+ (aq)   





Example 3.1


For each of the following acid/base reactions, link the conjugate acid/base pairs:


	a)  HCl (aq)  +  H2O (l)  ---->  H3O+ (aq)  +  Cl- (aq)


	b)  H2SO4 (aq)  +  H2O (l)  ---->  HSO4- (aq)  + H3O+ (aq)


	c)  NH3 (g)  +  H2O (l)  ---->  NH4+ (aq)  +  OH- (aq)


	d)  H3O+ (aq)  + OH- (aq)   ----->  2 H2O (l)





Solution


		acid/base		 		base/acid





	a) HCl (aq) / Cl- (aq)			     H2O (l) / H3O+ (aq)


	b) H2SO4 (aq) / HSO4- (aq)		     H2O (l) / H3O+ (aq)


	c) H2O (l) / OH- (aq)			     NH3 (g) / NH4+ (aq)


	d) H3O+ (aq) / H2O (l)			     OH- (aq) / H2O (l)





Note that in each of the examples the members of the conjugate pair differ by only a H+  and that one half of the pair is always on the left-hand side of the equation, the other on the right-hand side. 





3.3 Strength of acids and bases


We know from experience that some acids and bases are much stronger than others, but how can we explain this phenomenon? The answer lies in the extent of the reaction of these substances - a concept that will be discussed in much more detail when we study “Chemical Equilibrium”. 





Three strong acids with which we are familiar are hydrochloric, sulfuric and nitric acids. Each of these inorganic acids are formed from the reaction of covalently bonded molecules with water in ionisation reactions:


	HCl (g)  +  H2O (l)  ---->  H3O+ (aq)  +  Cl- (aq)


	H2SO4 (l)  +  H2O (l)  ---->  HSO4- (aq)  + H3O+ (aq)


	HNO3 (l)  +  H2O (l)  ---->  H3O+ (aq)  +  NO3- (aq)





As these are all strong acids we can deduce that the reaction proceeds to a large extent; that effectively all of the molecules react with water to produce large numbers of hydrogen ions. 





Acetic (ethanoic) acid, on the other hand, is a typical example of a weak acid; this ionisation reaction proceeds to only a relatively small extent and so not as many H+ ions are formed:


	CH3COOH (l)  + H2O (l)  ---->  CH3COO- (aq)  + H3O+ (aq)





The extent of the reaction of bases explains their relative strength in a similar way.


Examples of strong bases are NaOH, KOH and Mg(OH)2. In each of these cases, the ionic compound undergoes complete dissociation to produce large numbers of hydroxide ions (OH-). It is the hydroxide ion which functions as a strong base:


	NaOH (s) � EMBED Equation.2  ��� Na+ (aq)  +  OH- (aq)


	KOH (s) � EMBED Equation.2  ��� K+ (aq)  +  OH- (aq)


	Mg(OH)2 (s) � EMBED Equation.2  ��� Mg2+ (aq)  + 2OH- (aq)





A weak base, such as ammonia, ionises with water to only a small extent:


	NH3 (g)  +  H2O (l)  ---->  NH4+ (aq)  +  OH- (aq)





3.4 Polyprotic and amphiprotic substances


Some substances, such as sulfuric acid, are capable of donating more than one proton. In the case of sulfuric acid, each molecule of H2SO4 is able to donate two protons - we say it is a “diprotic acid”. The successive ionisation reactions of H2SO4 are given below:


	H2SO4 (l)  +  H2O (l)  ---->  HSO4- (aq)  + H3O+ (aq)


	HSO4- (aq)  +  H2O (l)  ---->  SO42- (aq)  + H3O+ (aq)





Example 3.2


Write the successive ionisation reactions of the polyprotic acid H3PO4 reacting with water.





Solution


	H3PO4 (l)  +  H2O (l)  ---->  H2PO4- (aq)  + H3O+ (aq)


	H2PO4- (aq)  +  H2O (l)  ---->  HPO42- (aq)  + H3O+ (aq)


	HPO42- (aq)  +  H2O (l)  ---->  PO43- (aq)  + H3O+ (aq)





An important property of some substances is their ability to function as either acids or bases, depending on the other substance with which they are reacting. Perhaps the most important example of this class of compound is water:


eg.	H2O (l)  +  H2S (g)  ----> H3O+ (aq)  +  S2- (aq)


	H2O (l)  +  CO32- (aq)  ----> OH- (aq)  +  HCO3- (aq)





Example 3.3


Write relevant equations to show how the hydrogen sulfite ion, HSO3- , acts as an amphiprotic substance:


	HSO3- (aq)  + H2O (l)  ---->  SO32- (aq)  + H3O+ (aq)


	HSO3- (aq)  + H2O (l)  ---->  H2SO3 (aq)  + OH- (aq)





In summary, 





A polyprotic acid is one which is capable of donating more than one proton.


A polyprotic base is one which is capable of accepting more than one proton.


An amphiprotic (amphoteric) substance can act as either an acid or a base.








3.5   KW and the pH scale





The pH scale was devised to allow a quantitative measure of the relative acidity or basicity of  particular solutions. It is important to recognise that pH is a mathematical scale based on logarithms, so that a difference of one unit on the pH scale correlates with a 10 fold change in relative acidity or basicity.











The scale is based on the fact that water undergoes self-ionisation to a very small extent. We have already seen that water is an amphiprotic substance and it has been known for some time that even very pure water conducts electricity to a small extent. These two facts taken in conjunction with each other allow us to see the validity of the reaction below:





		H2O (l)  + H2O (l)  (  H3O+ (aq) + OH- (aq)





It can be experimentally proven that the product of the concentrations of H3O+ and OH- ions in any aqueous solution remains a constant value at a specified temperature. This product is known as the “Ionisation Constant of water”, symbol KW, where 





KW = [H3O+][ OH-]  =  10-14  at 25 (C


		


In neutral solution, [H3O+]  =  [OH-]  =  10-7 M at 25 (C





In acidic solutions, [H3O+]  (  [OH-]


	 ie. [H3O+]  ( 10-7 M and [OH-] (  10-7 M at 25 (C





In basic solutions, [H3O+]  (  [OH-]


	 ie. [H3O+]  ( 10-7 M and [OH-] ( 10-7 M at 25 (C








Note that the Ionisation constant expression forms the basis of the pH scale, as 


	


pH  =  -log10[H+]  =  -log10[H3O+] , or 





[H+] = [H3O+] = 10-pH





ie. a solution of pH <7 is acidic, pH = 7 is neutral and pH >7 is basic.





Example 3.4


Calculate the pH of each of the following solutions:


	a) [H3O+]  =  0.010 M			b)  [HCl] = 1.0 x 10-4 M


	c) [H2SO4] = 5.0 x 10-3 M		d) [H3O+] = 10-3.8 M





Solution


	a) [H3O+]  =  0.010 M = 10-2 M


	As [H3O+] = 10-pH, pH = 2





	b) [HCl] = [H3O+]  = 1.0 x 10-4 M


	As [H3O+] = 10-pH, pH = 4





	c) [H2SO4] = 5 x 10-3 M ( [H3O+]  = 2 x 5.0 x 10-3 M = 1.0 x 10-2 M


	As [H3O+] = 10-pH, pH = 2





	d) [H3O+] = 10-3.8 M, so pH = 3.8





Example 3.5


Calculate the pH of each of the following solutions:


	a)  [OH-] = 10-6 M			b) [KOH] = 1.0 M


	c)  [Mg(OH)2] = 0.00050 M





Solution


	a) [H3O+][ OH-]  =  10-14  and  [OH-] = 10-6 M


	( [H3O+]  = � EMBED Equation.2  ��� = 10-8 M


	( pH = 8


	


	b) [H3O+][ OH-]  =  10-14  and  [KOH]  = [OH-] =  1.0 M = 100 M


	( [H3O+]  = � EMBED Equation.2  ��� = 10-14 M


	( pH = 14





	c) [Mg(OH)2] = 0.00050 M = 5 x 10-4 M


		(  [OH-]  = 2 x 5.0 x 10-4 M = 1.0 x 10-3 M





	[H3O+][ OH-]  =  10-14  and [OH-] = 1.0 x 10-3 M


	( [H3O+]  = � EMBED Equation.2  ��� = 10-11 M


	( pH = 11





Example 3.6


25.0 ml of 8.0 M nitric acid is diluted with 175.0 ml of distilled water. What is the pH of the resultant solution?





Solution


	n (HNO3) = n (H3O+) = C.V = 8.0 x � EMBED Equation.2  ��� = 0.200 mol


	Total volume of solution = 25.0 ml + 175.0 ml = 200.0 ml = 0.200 L 


	( [HNO3] =  [H3O+] = � EMBED Equation.2  ��� = 1.00 M


	As [H3O+] = 10-pH, pH = 0























3.6 Volumetric Analysis





	3.6.1 Primary standards


One of the most valuable experimental tools available to the analytical chemist is volumetric analysis: the analysis of amounts of compounds in solution. Many of the experiments you will undertake early in Year 12 chemistry will involve this process. 





In essence, volumetric analysis involves the accurate measurement of a known volume of a 


standard solution of precisely known concentration, delivered by a pipette. This solution is reacted with the unknown solution delivered by a burette; the endpoint being recognised by a suitable indicator.


 


Only a relatively small number of chemicals are suitable for use in the production of primary standard solutions. A primary standard must satisfy the following criteria:


	i) it must be highly pure and of known chemical formula


	ii) it must remain stable over time and not react with moisture or gases from the atmosphere


	iii) it should be readily available and relatively inexpensive, and 


	iv) it should have a relatively high molar mass (to minimise error)





Some examples of acid/base primary standards are anhydrous sodium carbonate (Na2CO3), sodium oxalate (Na2C2O4) and potassium hydrogen phthalate (KC8H5O4).





Any solution to be used in volumetric analysis which does not meet the criteria for being classified as a primary standard must first be standardised immediately before use. Solutions of this nature are classified as secondary standards.





	3.6.2 The experimental procedure


To produce a primary standard solution, an accurately known mass of reagent is measured and delivered into a volumetric flask (while there are a wide range of sizes available, the most commonly used in this context has a volume of 250.0 ml). A pipette is used to measure a known volume (known as an aliquot) of this solution to the conical flask in readiness for reaction. The pipette must first be prepared by washing with water and then rinsing with the primary standard solution. 





A few drops of a suitable indicator is then usually added. An indicator is a substance which changes colour at a particular pH (common examples are litmus, methyl orange and phenolphthalein). 





The burette is prepared in a similar manner to the pipette; first washed with water and then rinsed with the unknown solution. This unknown is then slowly added to the flask until a colour change is noted; endpoint has been reached. The volume of the unknown solution delivered is known as the titre volume.





Note that the exact point at which acid and base are neutralised is known as the equivalence point. The endpoint is defined as the point exactly between the colours shown by the indicator in its acid form and its base form. In the case of methyl orange, which changes from yellow in basic solution to red in acid, endpoint occurs at the intermediate ‘orange’ colour. Generally, the equivalence point and the endpoint can be made to approximate each other very closely by carefully choosing an indicator which changes colour at appropriate pH. 





Example 3.7


A student is required to accurately determine the concentration of a solution of approximately 0.1 M hydrochloric acid, using the supplied anhydrous sodium carbonate to prepare a standard solution. He weighed 1.311 g of  Na2CO3 into a 250.0 ml volumetric flask, dissolved it in a little distilled water and then made the solution up to the mark. After suitably preparing both the pipette and burette, he delivered three 20.00 ml aliquots of the solution into conical flasks and added three drops of methyl orange indicator to each flask. He then titrated the Na2CO3 against the hydrochloric acid solution, recording an average titre volume of 18.87 ml being required to reach endpoint. 


	a) Calculate the exact concentration of the HCl solution. 


	b) Had the student neglected to rinse the pipette with the Na2CO3 solution, what would have been the effect on the calculated value of the HCl concentration?


	c) Had the student neglected to rinse the burette with the HCl solution, what would have been the effect on the calculated value of its concentration?





Solution


a)  The equation for the reaction is as follows:


	Na2CO3 (aq)  +  2 HCl (aq)  ---->  2NaCl (aq)  +  H2O (l)  +  CO2 (g)





n (Na2CO3) = � EMBED Equation.2  ��� mol


( n (Na2CO3) in aliquot = � EMBED Equation.2  ���x 10-4 mol


From the equation, n (HCl) = 2 x n (Na2CO3) = 1.979 x 10-3 mol


		       V (HCl) = 18.87 ml = 0.01887 L


		    (  [HCl] = � EMBED Equation.2  ���





b) Had the student not rinsed the pipette with the  solution there would still be traces of water adhering to the pipette and so the actual volume of Na2CO3 delivered would be less than 20.00 ml. As a consequence, a lesser volume of HCl would be required to neutralise it and the concentration of HCl calculated would be greater than its true value, as C=� EMBED Equation.2  ���.











c) Had the student not rinsed the burette with HCl as required, it would have been diluted slightly by the traces of water adhering to the inside of the glassware. As a consequence, more HCl would be required to neutralise the aliquot of Na2CO3 and the concentration of HCl calculated would be lesser than its true value.





	3.6.3 Back titration


Occasionally, direct titration of one reactant against another does not produce satisfactory results. The most common reasons for this problem are a poor colour change occurring when weak acid or base solutions are being titrated, resulting in accurate determination of endpoint not being possible; and a slow rate of reaction making direct titration unfeasible.





In such cases an excess of reactant is deliberately added to ensure complete reaction and then titration is carried out to determine how much excess has been used. Such a procedure is known as a “back titration”.





Example 3.8


A laboratory technician wishes to accurately determine the percentage by mass of available nitrogen (present as the ammonium ion) in a sample of commercially available lawn fertiliser. To achieve this aim, she accurately weighs 1.399 g of fertiliser into a 250.0 ml volumetric flask and makes it up to the mark with distilled water. 20.00 ml aliquots of this fertiliser solution are then reacted with 20.00 ml of 0.1022 M NaOH solution, according to the ionic equation


		NH4+ (aq)  +  OH- (aq)  ---->  NH3 (g)  +  H2O (l)





	To ensure the reaction proceeds to completion the solution is boiled for approximately 10 minutes until no further evolution of ammonia can be measured. The excess OH- is then titrated against 0.108 M HCl solution, the average titre required being 11.26 ml. The relevant equation for this reaction is:


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





	Calculate the percentage by mass of nitrogen in the fertiliser.





Solution


	Step 1. As excess NaOH was added to the sample of fertiliser in the 20.00 ml aliquot we must first determine how much NaOH was actually consumed in the reaction with the NH4+ contained in the fertiliser aliquot. This is achieved by determining the difference between the amount of NaOH present initially and that in excess after the reaction has proceeded. 


	n (NaOH) present initially = C.V.


				       = � EMBED Equation.2  ���


				       = 2.044 x 10-3 mol














The excess NaOH is reacted with 0.108 M HCl, the titre volume required being 11.26 ml. 


	 n (NaOH) in excess = n (HCl) in titre volume = C.V.


				= � EMBED Equation.2  ���


				= 1.216 x 10-3 mol





	( n(NaOH) consumed in reaction = 2.044 x 10-3 - 1.216 x 10-3


					        = 8.28 x 10-4 mol





	Step 2. Presuming that the ammonium ion is the only acid present, the no. of mol of NH4+ present in the aliquot of fertiliser is the same as the no. of mole of NaOH consumed, according to the equation


		NH4+ (aq)  +  OH- (aq)  ---->  NH3 (g)  +  H2O (l)





	( n(NH4+) in aliquot of fertiliser solution = 8.28 x 10-4 mol





	Step 3. A 20.00 ml aliquot of the fertiliser solution was pipetted from the 250.0 ml volumetric flask, so the no. of mol of NH4+ in the original sample is given by 


	n(NH4+) in volumetric flask = n(NH4+) in original fertiliser sample 


				          =  � EMBED Equation.2  ��� 8.28 x 10-4 mol


				          = 1.035 x 10-2 mol





	Step 4. We can now determine the mass of NH4+ in the fertiliser sample and consequently the percentage by mass of nitrogen in the sample:


	mass of NH4+ = n x M


			= 1.035 x 10-2 x 18


			= 0.1863 g





	% mass of nitrogen = � EMBED Equation.2  ���� EMBED Equation.2  ���


			        


			        = 13.32%





 
































3.7 Summary/ Objectives


At the end of this Chapter you should


	- recall the definition of the terms acid (as a proton donor) and base (as proton acceptor)


	- recognise that acids and bases always function as conjugate pairs


	- understand the difference between the terms ‘ionisation’ (as applies to a covalently bonded molecule) and dissociation (as it applies to an ionically bonded compound)


	- recall that the strength of an acid or base is dependent on the extent of the reaction whereby it donates or accepts protons


	- memorise two examples each of strong and weak acids and bases


	- be able to define the terms ‘polyprotic’ and ‘amphiprotic’ and recall at least two examples of each


	- understand the basis of the pH scale as being the equilibrium that exists between water and the products of its ionisation, H3O+ and OH-


	- recall the definition of pH as 


				pH  =  -log10[H3O+]


	- be able to apply the rule above to calculate the pH of acidic or basic solutions 


	- given the pH of a solution, be able to determine the concentration of H3O+ and OH- ions in solution


	- recognise the terms volumetric analysis, primary and secondary standard, aliquot, titre, endpoint, equivalence point, indicator


	- recall the criteria which must be met by a primary standard to be used in a volumetric analysis. Memorise two examples of primary standards


	- understand the role of indicators as weak acids or bases which change colour at a specific pH


	- be familiar with the ways in which glassware, such as standard flasks, pipettes, burettes, volumetric flasks; must be prepared prior to the experimental performance of a volumetric analysis


	- be able to deduce the effect, if any, of not preparing the above-mentioned glassware correctly before the volumetric analysis is performed


	- be able to perform calculations involving volumetric analyses from relevant data provided, including both direct and back titrations


	- recognise possible sources of experimental error arising from volumetric analyses and how these errors may alter the calculated result.





























Chapter 3 Questions





Q1.	Define the following terms:


a) acid						b) base


c) polyprotic					d) amphiprotic (amphoteric)


e) pH						f) indicator


g) volumetric analysis				h) primary standard


i) secondary standard				j) equivalence point


k) endpoint					l) titration


m) titre						n) aliquot


o) ionisation					p) dissociation





Q2.	Write the conjugate base of the following acids:


a) HCl						b) HNO3


c) H2SO4					d) NH4+


e) H2O						f) HOCl


g) CH3COOH					h) H2PO4-


i) HSO3-					j) HCN





Q3.  	Write the conjugate acid of the following bases:


a) OH-						b) NH3


c) Cl-						d) H2O


e) HPO42-					f) PO43-


g) HS-						h) CO32-


i) O2-						j) NH2-





Q4.  	For each of the following reactions, state whether the first named species is acting as an acid, a base, or neither:


a) H2SO4 (aq) +  2NaOH (aq)  ---->  Na2SO4 (aq)  +  2H2O (l) 


b) BaCl2 (aq)  +  2KOH (aq)  ---->  Ba(OH)2 (s)  +  2KCl (aq)


c) 3NH3 (aq)  +  H3PO4 (aq)  ---->  (NH4)3PO4 (aq) 


d) 2HCl (aq)  +  Zn (s)  ----> ZnCl2 (aq)  +  H2 (g)


e) Ca(OH)2 (aq)  +  CO2 (g)  ---->  Ca(HCO3)2 (aq) 





Q5.	Write equations to show the successive ionisations of the triprotic acid H3PO4 reacting with water.





Q6.	State whether each of the following species undergoes ionisation or dissociation when added to water:


a)  Mg(OH)2 (s)				b)  KI (s)


c)  HCl (g)					d)  H2O (l)


e)  CuSO4 (s)					f)  HNO3 (l)


g)  NaOH (s)					h)  Na2Cr2O7 (s)


i)  CH3COOH (l)				j)  (NH4)2CO3 (s)





�
Q7.	250.0 ml of 0.0400 M limewater solution is prepared and through it is bubbled 75 cm-3 of CO2 (g) at S.T.P. Calculate the mass of calcium carbonate formed, according to the equation


	Ca(OH)2 (aq)  +  CO2 (g)  ---->  CaCO3 (s)  +  H2O (l)





Q8.	120.0 ml of 0.566 M nitric acid solution is exactly neutralised by 85.5 ml potassium hydroxide solution. What is the concentration of the KOH solution?





Q9.	What volume of 2.088 M sulfuric acid is required to exactly neutralise a solution made up of 100.0 g of sodium hydroxide pellets dissolved in 320.0 ml of water?





Q10. 	If  V ml of 0.20 M NaOH is mixed with 2V ml of 0.80 M NaOH, what volume of 0.45 M H2SO4 would be required to effect neutralisation?





Q11.	What volume of water would need to be added to 100.0ml of 0.354 M NaOH to make the resulting solution 0.250 M NaOH?





Q12.	What volume of 0.0641 M HClO4 solution would be required to make up 200.0 ml of  0.0250 M solution?





Q13.	A laboratory technician wishes to make up 5.00 L of 0.450 M nitric acid solution from a stock bottle of 14 M acid. What volume of the concentrated acid will he require? What safety precautions should he adopt when diluting the concentrated acid?





Q14.	Calculate the pH of each of the following solutions:


a) 0.010 M HNO3				b) 0.10 M HCl


c) 1 x 10-4 M HNO3				d) 0.0050 M H2SO4


e) [H+] = 1 x 10-13 M 				f) [H2SO4] = 5 x 10-6 M





Q15.	Calculate the pH of the solution which results from bubbling 2.45 L of hydrogen chloride gas at S.L.C. through 100 ml of water.





Q16.  	Calculate the pH of the solution which results from the dilution of 80.0 ml of 14 M HNO3 with 1040 ml of distilled water.





Q17. 	5.89g of  potassium hydroxide pellets are added to 28.00 ml of 0.625 M sulfuric acid solution and the mixture is thoroughly stirred. Is the resultant solution acidic, basic or neutral?





Q18.	Calculate the pH of each of the following solutions:


a)  [OH-] = 0.10 M				b) [NaOH] = 1 x 10-5 M


c)  [KOH] = 1.0 M				d) [Mg(OH)2] = 5 x 10-4 M


e)  [OH-] = 10-8.3 M				f) [LiOH] = 10 M








Q19.	2.00g of solid NaOH is carefully dissolved in 500 ml of water. Calculate the pH of the resultant solution. 





Q20.	Why can solid NaOH not be used to prepare a primary standard solution?





Q21.	In order to accurately determine the concentration of a solution of potassium hydroxide, a student intends to titrate it against 20.00 ml aliquots of a standard solution of hydrochloric acid. Which one, or more, of the following procedures, is incorrect?


	a) the pipette is first washed with water and then rinsed with the KOH solution.


	b) the pipette is first washed with water and then rinsed with the HCl solution.


	c) the burette is washed with water and then filled with the HCl solution.





Q22.	A commonly used primary standard acid in analytical chemistry is potassium hydrogen phthalate (KC8H5O4) - a monoprotic acid of molar mass 204.1 g.mol-1. In a titration exercise it is found that a sample of  1.305g of potassium hydrogen phthalate requires 17.28 ml of sodium hydroxide solution to neutralise it. What is the molarity of the NaOH solution?





Q23.	A 40.00 ml sample of vinegar containing acetic acid was diluted to 250.0ml in a standard flask. A 20.00 ml aliquot of this solution required 27.35 ml of 0.0942 M NaOH solution to reach endpoint. Calculate the percentage by mass of pure acetic acid in the original vinegar sample. [Note: presume d (vinegar) = 1.00 g.cm-3]





Q24.	A student carries out a volumetric analysis to determine the concentration of hydrochloric acid in a sample of  “spirits of salts” (a cleaning agent used to remove cement from bricks). She carefully pours about 5 ml of the liquid into a 250.0 ml standard flask and determines its mass to be 5.117g. Distilled water is slowly added to the flask and the solution is agitated to ensure uniform mixing. 25.00 ml aliquots of this solution are then pipetted into three separate volumetric flasks and 2-3 drops of methyl orange indicator is added to each. Titration against a standard solution of 0.117 M Na2CO3 solution is carried out; the average titre volume required to reach endpoint being 17.83 ml. Calculate the concentration of HCl in the “spirits of salts” in


	(a) g.L-1			(b) Molar concentration





[Note: presume d (spirits of salts) = 1.00 g.cm-3]
































Q25.	A student wishes to determine the percentage by mass of available nitrogen (present as the ammonium ion) in a sample of commercially available lawn fertiliser. To achieve this aim, he accurately weighs 1.556 g of fertiliser into a 250.0 ml standard flask and makes it up to the mark with distilled water. 20.00 ml aliquots of this fertiliser solution are then reacted with 25.00 ml of 0.1061 M NaOH solution, according to the ionic equation


		NH4+ (aq)  +  OH- (aq)  ---->  NH3 (g)  +  H2O (l)





	The excess OH- is then titrated against 0.119 M HCl solution, the average titre required being 12.07 ml. 


	Calculate the percentage by mass of nitrogen in the fertiliser.








Solutions to Chapter 3 questions





Q2.  a) Cl-	b)  NO3-	c)  HSO4-	d) NH3		e)  OH-		f)  OCl-	


	g)   CH3COO-		h)  HPO42-	i)  SO32-	j)  CN-





Q3.  a)  H2O	b)  NH4+	c)  HCl		d)  H3O+	e)  H2PO4-	f)  HPO42-


		g)  H2S		h)  HCO3-	i)  OH-		j)  NH3





Q4.  a)  acid	b)  neither	c)  base	d)  neither	e)  base





Q5.  	H3PO4 (aq)  +  H2O (l)  ---->  H2PO4- (aq)  +  H3O+ (aq)


	H2PO4-  (aq)  +  H2O (l)  ---->  HPO42- (aq)  +  H3O+ (aq)


	HPO42-  (aq)  +  H2O (l)  ---->  PO43- (aq)  +  H3O+ (aq)





Q6.	a) dissociation		b) dissociation		c)  ionisation		d) ionisation 


	e) dissociation		f) ionisation 		g) dissociation		h) dissociation


	i) ionisation		j) dissociation





Q7.  0.335 g		Q8.  0.794 M		Q9.  0.59 L	Q10.  2 V ml





Q11.  41.6 ml		Q12.  78.00 ml	Q13.  161 ml		Q14.  a)  2   	b)  1	





c)  4	d)  2 	 e)  13	  f)  5		Q15.  0	Q16.  0	Q17.  alkaline





Q18.  a)  13	b)  9	c) 14	d) 11	e) 5.7	f) 15	Q19. 13	





Q20.  NaOH is hydroscopic and reacts with CO2 from atmosphere





Q21.  (b) is correct	Q22.  0.370 M	    	Q23.  4.83 %		Q24.  a) 297 g.L-1   





 b)  8.15 M		Q25.  17.58 %
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