ACIDS, BASES «nd PH

IONIC EQUATIONS FOR THE REACTIONS OF ACIDS &=

Iy fonic equations for the reactions of acids, the acdd's anion (e jon) can usualhy
be ignered - it is only the H* that reacts, e.q, EXAM TIP
ang that appear
{identically} cn both
sides of a chemical
equation are called
spectator jons and
can be left out to
simplify the equation

Metals form metal jans and hydrogen gas: Mge) +2H e — Mg®iea) + Hag)
Carbanates form carbon dioxide and water: O foqp + BHmg = SO+ H:Opy
-.-..n._E_ oxides form metal ions and ._____.rﬂn..ﬂ__._ﬁn_ s ZH"jog —* CUog + HalOp

_._u__...._-o_.b.nnn form ...__.w..E.n Objaa + Hteg — _,—un_a
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DEFINITIONS

Acids and bases: The Brensted-Lowny definition says that ackds are H* {proton) donars,
and bases are H° (proten) acceptors. The conjfugate base of an acid is the species that
wiauld accept an H* lon in the reverse reaction.

EXAM TIP
There are sther definitions of
scids and bases, 6.4, an
Arrhenius acid produces H* fons
in an aguesys solution, and an
Aurhenius base produces OH
ions inan aquecus solution.

%

Agids react to form species
that act as bases if the
reaction goes in reverse —
thess are called

conjugate acid-base pairs

E.q. inthe reaction of ethanaoic acid and ammonia

Conjugite acid donates H in

1 TEVEFSE Peaction
= CHiCOOH + NHy = CHaC OO~ + zml__.u..\\i

— Conjugate base accepts H* in

Base accepts H in reverss repction
farwards reaction

Acid donates H* in
forwands reaction

Monobasic acids donate one H* fon, e.g. HMO 2 H + NOs Strong acids are fully dissociated inte thair ions.

Dibasic acids donate two H* lons, e.g. HaS0u 2 347 + 5043 Weak acids are partially dissociated,

forming equilibrium mixtures,

Tribasic acids donate three H® jons, e, HaPOu & 3H + PO

SPECIAL EQUILIERIUM CONSTANTS, K. AND K., THE PH SCALE
K is an equiibium constant for the dissociation of a weak acid into its lons MA & H* + - w_runﬁl_._m._t.ﬁ Tebiass
If you agsume all H* ions come from the seid, Ko, then you can say [H7]=[47]. EXAM TIP o I
.2
e ¥ = H] The units af K, for monobasgic - —
e aienton: Ke HA acids ane tways mol dm? The negative

There Is also a logarithmic function: pEa=-logk 5 and the invesse Ko=1 [ )

Kw is an equilibrium constant for the dissociation of water, which behaves like an acid. Itis called the jonic
HaDr ot H* + OH- ns_LIJ_”DI,_ {IH:0] can be left out of the eguation as it is eflectively constantl.

EXAM TIP

The value of K. changes with temperature because the pasition of equilfbrium
maves. You will be given the comrect value to use im exam questions.

CALCULATING PH FOR STRONG

ACIDS AND BASES

Since 3 strong acid fully dissocistes, [H"]=[HA] for manabasic acids. MH.H“:M “"_ﬂ._no.ﬂﬁ he
To caloulate the pH, find the negative log of the concentration of acid,

Example 1 what is the pH of a 0,04 mol dm™ soluthan of HCI? EXAM TIP
pH==log(0.04) =14 Check the
Example 2 what concentration of H:50, has a pH of 1.507 Bnwer Mk
[Hs1oP=10"*=0,032 mei gm

Since H;S0, is dibasic, the acid concentration = 0,018 mal dm™?

sene, e fora
base, pH must
be over7

To calculate the pH of 3 strong base, use Kw to convert [OH] to [H*]
Example 2 what is the pH of a 0.24 mol dm™ solution of MaOH?

Kou . Tedgr™_

product of water.

8 CALCULATIONS FOR WEAK ACIDS ===

Aweakacid forms an equilibrivm mixture Between unfenised and lonised forms, and so the
equilibrium constant, A& mist be inveived [n the caloulations.

pH ofa 0.75 mol dm™ solution of phenol, a weak acid with

ﬁ.uﬂu 30 [H']=J/Ksx[phencl]=y1.6x10"%%0.75=1.1%10" mal dm
pH=-log (1.1x107) =496

Example 2: What is the i of anacid fa 1.5 mod dm= salution has & pHof 3.427
[H*]=10P"=10"*2=3.8%10* mol gm- |
nﬂﬂ.ﬁ&ﬁﬂ%ﬂﬂmin& mal dm#
Example 3:What is the pHof 8 0.88 mol dm= ssiution of HOC! (pKa= 7.50)7
Ko=10P59=107"%=3 2108

sign can be
confusing -
small pH values
ndicate high
concentrations
ef H* fans

LIMITATIONS

These calculations for weak acids invelve assumptions and
approximations that you need to be aware of.

Assumption 1: Eﬁnﬁgaﬂm_.__hm?u_ﬂ

The caleulations on the left require the concentration of acld at equilitrium,
but the initial concentration (before any has reacted) has been used, The
approvimation is [HA] pu s = [HA g

It is possible to caléulate the true equilibrium concentration of acid, bt
ihis makes the maths harder, and, if the degree of ionisation is very small,
[HA] g is almaost identical o ﬁI}_Evﬂn?:___

EXAM TIP

pH for weak 2cids should be fess o> 1510 mol dm, encugh HA may bonlse to cause the
than 7 (but usually not bess than 3) approximation to be poor, leading to inaccurate results,
Assumption 21 —._._c._nmh..H

This is true if all H* lons come from the same sounce a3 the A~ jons
{frorn HA). The aaly ather saurce of H® iong is the sohwent, water.

since K, =[HJIOH] then [H*]=
pH=-log(4.2x10"¢) =13:38

_.. . |_.
TR =4. 22107 mol g2

[H']= /R HOC=V 3.2x10%%0.88=1 .7 16" mol dm2
pH=-log (1.7x10*)=3.78

Since Kuw ks very small (1 x 107 mel drm™ at 25 °C), tha appresimation that
HiO does not ionise may cause inaccuracies in very dilute selutions of vary
wenk acids (where [H*] is small).
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