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Description


IONIC EQUILIBRIUM



THE KEY



Fundamentals of Acids, Bases & Ionic Equilibrium



Acids & Bases When dissolved in water, acids release H+ ions, base release OH– ions.



Arrhenius Theory When dissolved in water, the substances which release (i) H+ ions are called acids (ii) OH ions are called bases Bronsted & Lowry Concept Acids are proton donors, bases are proton acceptors Note that as per this definition, water is not necessarily the solvent. When a substance is dissolved in water, it is said to react with water e.g. HCl + H2O  H3O+ + Cl ; HCl donates H+ to water, hence acid. NH3 + H2O  NH4 + + OH ; NH3 takes H+ from water, hence base. For the backward reaction, NH4+ donates H+, hence it is an acid; OH accepts H+, hence it is base. NH3 (base) & NH4+ (acid) from conjugate acid base pair. Conjugate acid and bases To get conjugate acid of a given species add H+ to it. e.g. conjugate acid of N2H4 is N2H5+. To get conjugate base of any species subtract H+ from it. e.g. Conjugate base of NH3 is NH2. Note: Although Cl is conjugate base of HCl, it is not a base as an independent species. In fact, anions of all strong acid like Cl, NO3, ClO4 etc. are neutral anions. Same is true for cations of strong bases like K, Na+, Ba++ etc. When they are dissolved in water, they do not react with water (i.e. they do not undergo hydrolysis) and these ions do not cause any change in pH of water (others like CN do). Some examples of : Basic Anions : CH3COO, OH, CN (Conjugate bases of weak acids) Acid Anions: HSO3, HS etc. Note that these ions are amphoteric, i.e. they can behave both as an acid and as a base. e.g. for H2PO4 : HS + H2O S + H3O+ (functioning as an acid) HS + H2O H2S + OH (functioning as a base) Acid Cations : NH4+, H3O+ etc. (Conjugate bases of weak bases) Note : Acid anions are rare. Lewis Concept : Acids are substances which accept a pair of electrons to form a coordinate bond and bases are the substances which donate a pair of electrons to form a coordinate bond. H F H F | | | | e.g. H  N: + B  F  H  N B  F | | | | H F H F (Lewis base) (Lewis acid) Important : Ca + S  Ca2+ + S2 is not a Lewis acidbase reaction since dative bond is not formed.



Lewis Acids : As per Lewis concept, following species can acts as Lewis Acids : (i)



Molecules in which central atom has incomplete octet. (e.g. BF3, AlCl3 etc.)



(ii)



Molecules which have a central atom with empty d orbitals (e.g. SiX4, GeX4, PX3, TiCl4 etc.)



(iii)



Simple Cations: Though all cations can be expected to be Lewis acids, Na+, Ca++, K+ etc. show no tendency to accept electrons. However H+, Ag+ etc. act as Lewis acids.



(iv)



Molecules having multiple bond between atoms of dissimilar electronegativity. e.g. CO2, SO2, SO3







—



(O  C  O  OH —   O  C  O or HCO3— ) Lewis acid Lewis base | OH



Lewis bases are typically : (i)



Neutral species having at least one lone pair of electrons.



(ii)



e.g. N H 2  N H 2 , R  O  H  Negatively charged species (anions). e.g. CN, OH, Cl etc.







pH and pOH Note : U U U







pH = log10 [H3O+],







pOH = log10 [OH]



pH of very dilute (~ 108M or Lower) acids (or bases) is nearly 7 (not simply log[acid] etc. due to ionization of water. pH of strong acids with concentration > 1M is never negative. It is zero only. At 250C, if pH = 7, then solution is neutral, pH > 7 than solution is basic.



Autoprotolysis of water (or any solvent) Autoprotolysis (or selfionization) constant (Kw) = [H3O+] [OH] Hence, pH + pOH = pKw at all temperatures Condition of neutrality [H3O+] = [OH] (for water as solvent) At 250C, KW = 1014. KW increases with increase in temperature. Accordingly, the neutral point of water (pH = 7 at 250C) also shifts to a value lower than 7 with increase in temperature. Important: KW = 1014 is a value at (i) 250C (ii) for water only. If the temperature changes or if some other solvent is used, autoprotolysis constant will not be same. Ionisation Constant U For dissociation of weak acids (eg. HCN), HCN + H2O  H3O+ + CN the equilibrium [H 3O  ][CN  ] constant expression is written as Ka = [HCN] U For the Polyprotic acids (e.g. H3PO4), sucessive ionisation constants are denoted by K1, K2, K3 etc. For H3PO4,



K1 =



[H 3O  ][H 2 PO 4 ]



[H3O  ][HPO24 ]



K2 = [H 3PO 4 ] [H3PO4  ] Similarly, Kb denotes basic dissociation constant for a base. AlsopKa = log10Ka, pKb = log10Kb Some Important Results: [H3O+] concentration of



K3 =



[H 3O  ][PO34 ] [HPO 24 ]



Case (i) A weak acid in water (a) if c0  2500 Ka, [H+] 



K a co  K w



Note: Mostly, Kw is insignificant and is neglected so [H+]  This is sometimes called Ostwald's Dilution Law.



K a c0 .



(b) General Expression : [H  ]  0.5(K a  K a2  4K a co ) Similarly for a weak base, substitute [OH] and Kb instead of [H+] and Ka respectively in these expressions. Warning : You must remember the derivation (which is rather easy) of these results. It is dangerous to use them otherwise. Case (ii)(a) A weak acid and a strong acid [H+] is entirely due to dissociation of strong acid (b) A weak base and a strong base [H+] is entirely due to dissociation of strong base Neglect the contribution of weak acid/base usually. Condition for neglecting : If c0 = concentration of strong acid, c1 = concentration of weak acid then neglect the contribution of weak acid if Ka  0.01 c02/ c1 Case (iii) Two (or more) weak acids Proceed by the general method of applying two conditions (i) of electroneutrality (ii) of equilibria. The accurate treatement yields a cubic equation. Assuming that acids dissociate to a negligible extent [ i.e. c0 x  c0] [H+] = (K1c1 + K2c2 + ...+ Kw)1/2 Case (iv) When dissociation of water becomes significant: Dissociation of water contributes significantly to [H+] or [OH] only when for (i) strong acids (or bases) : 108M < c0 < 106M. Neglecting ionisation of water at 106M causes 1% error (approvable). Below 108M, contribution of acid (or base) can be neglected and pH can be taken to be practically 7. Weak acids (or bases) : When Kac0 < 1012, then consider dissociation of water as well. HYDROLYSIS V Salts of strong acids and strong bases do not undergo hydrolysis. V Salts of a strong acids and weak bases give an acidic solution. e.g. NH4Cl when dissolved, it dissociates to give NH4+ ions and NH4+ + H2O  NH3 + H3O+. Kh = [NH3][H3O+] / [NH4+] = Kw/Kb of conjugate base of NH4+ Important! In general : Ka(of an acid)xKb(of its conjugate base) = Kw If the degree of hydrolysis(h) is small ( PZ3



Q.19 Q.23 Q.27



HSO 4 Lewis acid cationic



True



THE MIDDLE GAME Ka = 1.25 × 102 Q.2 Ka  105 Q.3 Ka = 1.377 x 103,  = 0.05 11.74 Q.5 Hneut = –51.963 kJ mol–1 4 V = 2.77 × 10 litre Q.7 (a) 13.1, (b) 0.13 M Q.8 1.650 2 3 (a) 4.1, (b) 3.6 × 10 , (c) 9.8 × 10 (a) 2.12 (b) 4.66 (c) 7.2 (d) 12 (a) 8.34 (b) 4.66 (c) 9.6 (d) 7.20 5.158 (a) acetic acid, salt-acid molar ratio 1.8 :1 ; (b) [HOAc] = 0.066 mmol/ml and [OAc–] = 0.119 mmol/ml Q.14 8.35, 9.60, 4.66 Q.15 9.168 Q.16 (a) pH = 3.83 (b) pH = 3.85 , (c) = 3.99 Q.17 0.0818 moles Q.18 2.558 Q.19 9.168 Q.20 [OH] = 3.73 x 102M, [H3PO4] = 6 x 1018M Q.21 9.7736 12 2 7 3      Q.22 Kn(H2PO4 ) = 2 x 10 ; Kn(HPO4 ) = 2 x 10 , Kn(PO4 ) = 2 x 102 ; acidic, basic Q.23 [CO32] = 4.9 × 103M Q.24 [OH] = 3 x 107M 6   Q.25 [H2CO3] = 9.85 x 10 M ; [HCO3 ] = 4.9 × 104 [CO32] = 2.45 x106 Q.26 0.908 Q.27 (a) 9.21 × 10–5 M, 9.21 × 10–5 , 8.9 × 10–16 (b) 9.96 Q.28 [OH–] = 3.57 × 10–3 M, [H2en]2+ = 2.7 × 10–8 M Q.29 [S2–] = 2.5 × 10–15 Q.1 Q.4 Q.6 Q.9 Q.10 Q.11 Q.12 Q.13



Q.30



10.07



Q.31



1.6 mmol



Q.32



Q.33



9.66 × 10–3



Q.34



[Cd2+]



Q.35



Q.2 Q.5



pH = 7.3 3.818 × 10–26



Q.3 Q.6



ZENITH



7.81 11.222



Q.4



1 3.98 Precipitation will occur



8.96



1 10 th & th stages of neutralisation 11 11 Q.8(a) pH = 9.415, (b) pH = 4.233 Q.9 (a) 6.00 (b) 10.478 Q.10 10 M, 1.11 ×10–6 M, 2 ×10–4 M Q.11 8.4 × 10–15 M , 1.014 × 10–10 M Q.12 3.53 + –8 – –6 – Q.13 [Ag ] = 6 × 10 M, [Br ] = 8 × 10 M, [Cl ] = 1.7 × 10–3 M, [Ag(NH3)2]+ = 1.7 × 10–3 M, [NH4+] = 6 × 10–4 M, [OH–] = 6 × 10–4 M Q.14 9.99, s = 2.5 × 10–5 M



Q.7



0.9542, pKa = 4.751,



SUHANA SAFAR Q.1 Q.4 Q.7 Q.11



I3 – Q.2 C Ag+, Na+ has no tendency to accept e– B, C Q.8 A, B, C A Q.12 C



SUBJECTIVES



Q.15 Q.17 Q.19 Q.21 Q.23 Q.25



pH = 6.5 pH = 2 [Ag(NH3)2+] = 0.0539 s = 1.203 × 10-3M (a) 0.0175% , (b) 4.757 pH = 9



Q.3 Q.5 Q.9 Q.13



I2 C B A Q.16 Q.18 Q.20 Q.22 Q.24



Q.6 Q.10 Q.14



D A B



11.5 Ksp = 1.71 × 1010 pH = 11.3010 pH = 0.49 No it will be > 7
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