Topic 18 - Acids and bases.notebook

18.1 Lewis acids and bases

Lewis acid - QLM ?u'uf Ma’f‘ﬂ'
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Ligands, as donors of lone pairs, are therefore acting as Lewis bases.
For example, Cu** in aqueous solution reacts as follows:

Cu**(aq) + 6H,0()) — [Cu(H,0)¢]**(aq)
Cu?*isa Lewis acid and H,O is a Lewis base.

Typical ligands found in complex ions include H,O, CN-, and NH,. Note that these all
possess lone pairs of electrons, the defining feature of their Lewis base properties.
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We can relate these terms to those of "nucleophile” and "electrophile” found in organic

chemistry:

A nucleophile (likes nucleus’) is an electron-rich species that donates a lone pair to

form a new covalent bond in a reaction.

An electrophile (likes electrons’) is an electron-deficient species that accepts a lone

pair from another reactant to form a new covalent bond.
* Examples of nucleophiles | Lewis bases:
—
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;-Examples of electrophiles | Lewis acids:
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Comparison of Brensted-Lowry and Lewis theories of

acids and bases

Theory Definition of acid Definition of base

Bransted-Lowry proton donor proton acceptor

Lewis electron pair acceptor electron pair donor

Exercises
19 For ach of the following reactions identify the Lewis acid and the Lewls base.
(a) 4NH;(aq) +Zn*(aq) — [Zn(NH;)F*(aq)
(b) 2CH(aq) + BeCl,{aq) — [BeClJ*(aq)
(c) Mg*(aq) +6H,0() — [Mg (H;0)]*(aq)
20 Which of the following could not act as a ligand In a compiex lonwith a transition metal?
A C- B NC C PCly D CH,

21 Which of the following reactions represents an acld-base reaction according to Lewis theory but not

according to Brensted-Lowry theory?

A NH;{aq) + HCl(aq) = NH.Cl(aq)

B 2H;0() = H;0%(aq) + OH-(aq)

€ Cufaq) + 4NH,(ag) = [Cu(NH;).F*{aq)
D BaOfs)+ H,0() = Ba(aq) + 20H-{aq)

19 (a) Lewis acid Zn?; Lewis base NH,

(b) Lewis acid BeCl,; Lewis base CI-

(¢) Lewis acid Mg™; Lewis base H,0
20 D, CH, because it does not possess a lone pair.
21 C, there is no exchange of H*.
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Calculations involving acids and

bases

Understandings:

® The expression for the dissociation corstant of a weak acid (K) and a weak base (K).

* For a conjugate acid-base pair, K, x K, = K,

Guidance

® The value K, depends on the temperature.
® Only examples involving the transfer of one proton will be assessed.
» Caleulations of pH at temperatures other than 298 K edh be assessed.

 The relationship between K, and pK, is pK, - -log K, and between K, and pK, is K, = -log K.

K., is temperature dependent
The ionic product constant of water, Ky, was derived on pages 358-359.

K, =[H][OH]=1.00x10"at 298 K

{Jku: fH + rOH

The dissociation of water is an endothermic reaction (as it requires breaking a bond).

How will an increase in temperature affect K, How will it affect pH?

PH = -lo

Ro = H" » On

Tl

b“'\:,\.

oo ow ]

Temperature / °C K, [H*] ir; Ef:_:,e )water pH(flfo ;;L‘::e[H'-fﬁter
. 0 1.5x 10715 0.39 x 1077 7.47

10 3.0 x 1075 0.55 x 1077 7.27

20 6.8 x 10715 0.82 x 107 7.08

25 1.0 x 10°% 1.00 x 107 7.00

30 1.5x 107" .22 x 107 6.92

40 3.0x 104 1.73 x 107 6.77

50 5.5x 101 2.35 x 107 6.63

In other words, the pH of pure water is 7.00 only when the temperature is 298 K.
Note that at temperatures above and below this, despite changes in the pH value,
water is still a neutral substance as its H*(aq) concentration is equal to its OH-(aq)
concentration. It does not become acidic or basic as we heat it and cool it respectively!
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pH and pOH scales are inter-related K..., : [W][OH }
* pOH =-log,, [OH]; * pH=-log,, [H'];
* [OH"] = 10-FoH * [H7] =10+

From the relationship [H*] [OH] = K, = 1.00 x 10-* at 298 K, it follows that
107 x 107" =1.00 x 10*at 298K
By taking the negative logarithm to base 10 of both sides, we get
pH+ pOH = 14.00at 298 K

pH 0 1 2 3 4 5 6 7 8 9 10 n 12 13 14
[H*(ag¥mol dm=3 10° 10~' 10-2 10~3 10~¢ 10-5 10-% 107 102 10~ 10-'° 10" 10-'2 10-13 10~*

[OH-(ag)¥mol dm=2 107 107'2 10712 70="" 10- 10-% 10~ 10~7 10~¢ 10~* 10~¢ 107 10-Z 107" 10°
pOH 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

In the same way as the negative logarithms to base 10 of H" and OH~are known as pH
and pOH respectively, the same terminology can be applied to K, to derive pK,.

* PKr =logio () pH = -\03..[‘4] \»0"" = ~\ [‘"']
<K, =107 LW} \0"“ 9 -fon

So we can rewrite the expression above in a form that will apply to'all temperatulgs

pH +pOH = pK,
[H] =10+ [OH] = [H i POH =-log,,[OH"]
H'(aq) OH(aq)
- + o K -1 = OH
pH = —log,o [H'] =5 [OH] =10

» pH +pOH = pK,«€

Converting H* and OH- into pH and pOH

Many calculations on acids and bases involve inter-conversions
of [H*] and pH, as we saw in section 8.3, and we can extend
these now to include [OH-] and pOH.

Worked example

Lemon juice has a pH of 2.90 at 25 °C. Calculate its [H*],
[OH], and pOH. d "

S Lo )= 10

@ [H]=1074=102%=13x10" et
@ PH+ pOH = 1400at 298 K, 50 pOH = 14.00~2.90 = 11.10 H N H - M— 00
@ [OH]=107°=107110=77 x 102 mol dm P '00
@ orK, = [H*] [OHT s0 1.00 x 104 = (1.3 x 10~") x [OH]
[OH] = 7.7 x 1072 mol dm™
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Strong acids and bases: pH and pOH can be deduced

from their concentrations

Worked example
Calculate the pH of the following at 298 K:

@ 010moldmNaOHa) —sy  [OH"J= 010 e A
(b) 0.15 moldm—m;sm(aq) [" *] 0- .2 D m\ A 3\

Solution

(a) NaOH(aq) - Na (aq) +OH(aq)
initial (mol dm™) 0.10
equilibrium (mol dm™)

0.10
pOH = -log,, (0.10) = 1.0, therefore pH =13.0

(b) H,504(aq) — 2H"(aq) + SO,*(aq)
initial (mol dm™) 0.15
equilibrium (mol dm™)

pH = -log,, (0.30) = 0.52

Exercises

22 Atthe temperature of the human body, 37 °C, the value of K, = 2.4 x 107,
Calculate [H]. [OH"]. pH, pOH, and pK,, of water at this temperature. s it acidic, basic, or neutral?

23 The pH of a sample of milk is 6.77 at 298 K. Calculate its pOH, [H']. and [OH). Deduce whether it is
acidic, basic, or neutral.

24 Calculate the pH of the following solutions:

(a) 0.40 mol dm™* HQ _
(b) 37 x 107*mol dm*KOH — POH fbH “',K =
(c) 5.0x 107 mol dm™* Ba{OH),

25 Which values are correct for a solution of NaOH of concentration 0.010 mol dm at 298 K7
A [H]=10x10?moldm™and pH - 200

0.30

B [OH]=1.0x 102 mol dm™and pH= 1200 22 [H]=[OH]=1.55x 107 mol dm™
C [H]=1.0x 10" mol dm*and pOH = 12.00 = pOH = 6.81
D [OH']- 1.0x 1072 mol dm™* and PDH- 2.00 pH + pOH = u(w= 13.62
neutral
23 H=7.23
{:u [W 1 0)1 l 24 g ”
[H] = 1.7 x 107 mol dm™

[OH] = 5.9 x 10-* mol dnr®
: Ph " rdﬂ “‘: acldlc
2 __“‘_ 24 (a) 040 (b) 1057
1| -9, (¢) 10.00
[H ] - 2 I\'X“) 25 B

ZH*] ~ gl-lmo' "
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Dissociation constants express the strength of weak
acids and bases

As weak acids and bases only partially dissociate, we cannot calculate [H+] or [OH-] from
knowing their initial concentrations. So we must use equilibrium expressions to do so:
Consider the generic weak acid HA dissociating in wter:

HAGg) + HO() = H,0"(aq) + Aag)

L Y

this with K,

[HOIA]
[HA]

K.[H;0]=

_HO'A]
Therefore K, === Note that e term acid
amocaion consant
+ K,istheacid dissociation constant "'"":"K"IW"M‘
+ A higher value = more dissociation

tronger acid

. therteminoloy
exboks nd qutons
Similarly, we can consider the ionization ofa base

using the generic weak base B.
Bag)+ H:0() = BH"(aq) + OH-(aq)

x ~BH]IOH]
<RI

[BHI[OH"]
KH0l=—

Therefore K,

[BH(OH]
[C]

particular base at a specified temperature.

« Ky is the base dissociation constant
« A higher value = more dissociation = stronger base

‘Witethe expressions for K, and K forthefollowing scid and bas.
(2 CH,CO0HGg)

®) NH,aq)

Solution

[<HaCO0H(E ) Holt) == CHOC fak HOO
k= e Wrteosy
o [0l

-
Wy oty =B H N, ()

g i
Calculations involving K, and K,

Important points:

+ Given concentrations are initialconcentrations

+ Concentration values of pH/pOH/K,/K, must be equilibrium concentrations (when
equilibrium has been reached).

+ When the extent of issociation is very small (very low value for K, or Ky) tis
appropriate to use the approximations:
[acid] gy =

id]usprion
[bfselu = [base] quatriom

1 Calculation of K, and K, from pH and initial concentration

Calculate K, at 298 K

R s b )
Solution - [‘%‘”ﬂ

o Gaper
e e
romhepH e et he [t gl
PH34 [H]=10%4= 40 < 10+ moldar”
Fromthstochiomeryofthe escionweknowihet ] -[CHC00T 0, —(4«)‘"')*
CHCOOHAg = CHC00a + 169
o0 o aco

initial(mol dnr) 0:0094

change mol dm) *1 0t hn10t -

equilibrium (moldm) 001~ (6x 10 4x10%  4x10+ =00/
R-oo1

=001-(4x

& [GHLC00" [

[H]_ (41047
[CH,COOH] 001

16x10%

Woried sarle

T Lo on]
Souion pONE2:20 PR g b [ZTCN]
At25°C 298 K), pH-+ pOH = 14.00. Therefore pH 11.80 = pOH =220 2
[

From the stoichiometry of he reaction [OH-] = [CH,NHy']

CHNHjag) + HO0) = CHNH;Gg) + OHag)
inital (mol din) 100 0000 0000

change (moldnr) 000630 000630 4000630
equilibrium (moldm)  0.0937 000630 000630
x - [CHN Ol (0006

TN 000

2_Caleulation of [H*] and pH, [OH] and pOH from K, and K,

eyl

 solution of ethanoic acid has a value for K, = 18 » 10 ata specifid

‘Whatis its pH atthis temperature? C“,( 00H

ol {7 at equilbr

=T

Solet the change in concentration of CH,COO

Therefore change i concentration of CH,COO"and H' = +x

CH,COOH@g = CH,CO0ag) + Hag

inial (mol da) 075 00 000

change (moldm) —x u .,
equilibium (mol ) 0.7

~0.

K, I,

valid to approximate [CH,COOH s = [CH,COOH eyt
(CHCOOT )] _ x*
[CH,COOH] 075

Therefore x= VI8x107 %075 =37 % 107

[H]=37 107 = pH=24

Wor

A020mcdorspenssbinolammoni a3 0% 9K, W'
e s B P
souon My ¢ 0 = W4T 40U

PN ——s
Or—————

N6 + H,0) = NH/@g + OH-ag)
0 000 00

initia (ol dm)

change(moldnr) « ‘,

equilibrium (mol ) 020—x N x
=020

AsKysvery smal, "

valid to approzimate [Nl = [N e

PO b (194107272 A
e T )
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pK, and pKj,

As with [H+], [OH-] and Kw we can use a logarithmic function to make numbers much

easier to handle: ¥ 13
Wy <
f T J.i No-H
* pK, =—logio Ky " cpKo=logio ke
“K,=107 of 4'1 «Kp=10""* °
K B SN [ S Y
—C W
~p
Acid Formula Ka PKa
methanoic HCOOH 1.8 10 3.75 WWL
ethanoic CH;COOH 1.8x10% 476 otyb
propanoic C3HCOOH 1.4x10°% 487
Base Formula K PKy
ammonia NH; 1.8 10°% 475 NUL
methylamine CHNH, 26x 10 334 b.,_saj
ethylamine CoHoNH, 45x 10 335

2 The relationship between K, and pK, and between K, and pK, is inverse.

Stronger acids or bases with higher values for K, or K, have lower values for pK, or pKy.

STRONG ACID STRONG BASE
K,increases || pK,increases Ky increases ] Py increases
WEAKACID

Relationship between K, and K}, pK, and pK,, for a
conjugate pair

Consider the K, and K, expressions for a conjugate acid-base pair HA and A~
x 1A

[HA]
Avag) +H,0() = HA@q) + OH(aqg) K, =%

K, xK,= [H[;i‘]k XL[A[?THA]
Therefore K, x K, = [H"] x[OH] =K, k"': [“ 1Y°H -\
By taking negative logarithms of both sides:
FH 1 M=),
At 298K, K, =1.00 x 1050 pK,, = 14.00
Therefore pK, + pKs = 14.00 at 298 K

HA(aq) = H*(ag) + A-aq)

High K, of conjugate acid > Lower K, of conjugate base (and vice-versa)

M= by, [u]

32 Aweak acid HA has a pK, of 4.92. What will be the [H*] and pH of a 0.030 mol dm™ solution of this
acid?

33 What is the relationship between K, and pK,?
@ pKa--logks "
e . M)
B pki- 1.0:]& L kl- < k“ »®
N

C  pK,=logK, k“‘f k - ku @27&k
o s pkel? 03 e Pre=f “ 1
PKy=— =
7 T
34 The pK, of HCN is 9.21 and that of HE is 3.17. Which is the stronger acid?
35 Lookat the data in Q24. What are the pK,, values of CN" and F? Which is the stronger base?
36 (a) The pK, of ethanoic acid, CH,COOH, at 298 K is 4.76. Whatis the pK, of its conjugate base
CH,CO0? pky = 920 v
(b) The pK, of methanoic acid, HCOOH, at 298 K is 375. Is its conjugate base weaker or stronger

than that of ethanoic acid?
f:li\, ndie ach = 1028 32 pH=329; [H]= 6.0 x 10~ mol dm
33 A
34  HFIs the stronger acld.
k ; Scale. 35 pK,CN-=4.79; pK, F-= 10.83
CN- Is the stronger base.
Vieny sndl Ve
“3 "‘)‘ 7 oy g o PK, CH,C00" - 0.24
g ¢ ny AL (b) Methanolc acld Is a stronger acid than
(Weak e Shany aud
_ U 4 athanolc acld from Its lower pK,. There
Its conjugate bass Is weaker.

f ;;:\\ — i lae
M.'{P wﬁ;ﬁ

U —s Mo+ U

L ,_UVHC\:\
TR
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Buffer solutions

of acidoralkali.

changesthe p of  non-buffered sokon. This s shown below.

1dm p—— P4
water s 298K st 10m
pH7 e ot o i
RO pi10

The 2 main types - those that maintain an acidic solution and those that maintain a basic
one. Buffer solutions are made using a mixture of 2 solutions that between them contain
a conjugate acid-base pair.

1 Acidc buffers
Composition of the buffer solution

strong alkal For cxample:

CH,COOHGg) and NaCH,COO(q)
ks P

‘The following equilibria exist in a solution of this mixture:
i) CH,COOH ) = CHCO0 () + o)
CH,COOHaq s weskacid, s quibrivm s orhe .
(5) NaCH,COOtaq) — () + CH,CO0"aq
H,CO0g i sclble sl sois flly dsocised in scluton.

So the misture contains relaively high concentrations of both CH,COOH and.
CH,COOr, thatsan acid and it conjugat bas. Thesecan be considered a reservirs,

Response to added acid and base
« Additon ofacid (')
form CH,COOH,

s
mostof the added Hr.
CH,CO0"{aq) + H'ag) = CH,COOH(8q)
« Additon of base (OH):
O will combine with the acd CH,COOH toform CH,CO0" and H,0, 50
remoring mst ofthe OH-

CH,COOH(2q)+ OF-(ag) = CH,CO0"(aq)+ HOM)

2 Basic buffers
n of the buffer solution
Niaq) and NH,Cllag)
kb sitofveskbue
s
“The following equilibria exit in solution:
() NH(aq) + H,00) = NH,"(aq) + OH'ag)
NH,(ag) s a weak base, so equilibrium lesto the lft.
(i) NH,Clfag) = NH,'(aq) + CIaq)
NH,(ag)is asoluble salt, so s fuly dissociated in solution.
iy both NH,ag) and

NH, )~ p
rescrvairs, eady to react with added He and OH- respectivly in netralization
reacions.

Response of buffer to added acid or alkali
« Addition of acid (H'):
o

added
NH,aq) + H = NH o)
- Addion of bas (OH'1
"  and a

o
of the O
NH,'(3q) + OHr(aq) = NHy(aq) + H,0f)

Making buffer solutions

fically it
depends on:
1 the pK,or pyof itsacid or base:
2 dsal a
preparation.
acid PRy

« mixed with a solution of a sal containing its conjugate or
« parially neutralized by astrong base or acid

stating acid or frer reaction,

ot o g smple e et s, (Myloo™, ;.C.

CHLCQOHGg) + NaOH(g) — NaCH,C50ag) + H0) «
2 1 o o “‘“ »

initial amounts in moles
change during reaction - - “ “
final amounts n moles 1 o 1 1

NaCH,COO, is a buffer solution. Eqval smwinhs o 4 g
T ———— O

dissolved in 1.00 dm” of water.

© 020malNaCO,d020mlNo0, ¥ gy ¥ UaOW — Nall @0 .0
(©) 020mol CHCOOHand0.10mal AL X plo  0-20 s o
© 020molH, nd 0 10mol el

@ 010mol 470, and020mel NeOH X o 60 oo o
Solution

@ 0 and COJ, buffer
(b) Solution contains two acids—itis nota buffer.
(© N,
unreacted; i abuffer.
(&) HyPO, and NaOH react together forming 0.20 mol Na HPO,

Exercises
37 Wihich miturewouid produce 3 bufe slution when diszoked n 10 dr ofvterl
A 050molof CH,COOH and 030 mol of NaOH
B 050mol of CH,COOH and 025 mol of NaOH
€050 ma of CH,COOH and 100 mol of NaOH
D 0350 mal of CH,COOH 3nd 025 ol of 8(OH);

38 10 mol dm
CH,CO0H(1q?
| SDcm? o010 mel dm? NaCH,CO00)
I 25 cm? of 010 mol > NaOH(sq)
50 cm?of 010 mol dm NaOH(sq)
A lony B ladlloy € Hamdlloy D LiLandll
3

() 100 030 mal dr HNO, and 030 mal dre? NN, or
1) 100 cm? 010 mol d™ HNO, and 010 mol dm? NaNOy.

37 B 38 B

30 () Becauseit has ahigher concentration of the
acid and its conjugate base.

A;,;A-'c byffes Coabnins n OH_
cugoni 4 o = A 00” « Hy0
CHCO 4 K — ) cook

&s:.. ‘-»ffu N"“‘s“"
Ny o+ = KT Nuci

+ -
er" oM o= N4 LW KB‘

W
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Factors that can affect buffer solutions

|. Dilution: Although diluting a weakly acidic or basic buffer solution would reduce
the concentration of H+ or OH- ion, because their concentrations are so low (as they 0.IM [4.76
are weak) the effect on changing pH or pOH can be ignored. For this reason we

consider that dilution does not affect the pH or pOH. OOIM 470
This table shows the effect on pH when diluting an ethanoic acid buffer solution from 10=M 14.79
0.1 M to 0.0001 M. 104M [4.95

However, the "buffering capacity” (ability to maintain pH) will be reduced because the
concentrations are less.

2. Temperature :As temperature affects K, and K,, it will affect the [H+] and [OH-] and therefore it will
affect the pH of a buffer.

Exercises

37 Which mixture would produce a buffer solution when dissolved in 1.0 dm? of water?

A 050 mol of CH;COOH and 0.50 mol of NaOH Sal¥ - Wi
B 0.50 mol of CH;COOH and 0.25 mol of NaOH

€ 0.50 mol of CH;COOH and 1.00 mol of NaOH

D 050 moi3f CH,COOH and 025 mol of Ba(OH); — @a(("‘)“")z - “1,0

38 A buffer solution can be prepared by adding which of the following to 50 cm? of 0.10 mol dm .
H H -
e S ChylooH = Chgwo™ + 1

I 50 cm? of 0.10 mol dm* NaCH
Il 25 cm? of 0.10 mol dm™3 NaOHJ((a:gO(ﬁ CY, oM + NN — N;.(”}(l) + P
Il 50 cm? of 0.10 mol d® NabH(aq) % 3
A |only @ I 'and ll only C lland lll only D Lil,and 1Nl
39 State and explain which of the following has the greater buffering capacity:
100 cm? 0.30 mol dm* HNO, and 0.30 mol dm? NaNQ, or
(1) 100 cm? 0.10 mol dm3 HNO, and 0.10 mol dm™? NaNO;.

37 B 8 B

39 (i) Because it has a higher concentration of the
acid and its conjugate base.

March 14, 2016
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EAH' b&An\na-S-‘-—
I. Weak acd + Sk—wj bae — SulF + NN

Cngoon  + N«OH = NaChyCoD + H0

L |
N L(choo'
Not gring b 704 S"""7 o ipgale l"‘_" )
u’-l'l\ Wi Jer CM}(oo_ + le_() = CUtooM + OH
FH7 7
A 9’*‘0/:7 Aok + weak bug — S&l‘\' + Lonker
A W, —
by ()
3L
I wye 1<
m"‘j Srong anpvguke Very shble s duw
acid So : 7 it rodr Witk wgles,
+ Ht
NM;._ + HZO _-‘_-ﬁ NH}"‘ “-SO-I' \
oH < W /0
7 Ny
HA+ W0 =\ Ho'l «+ N
HA =

H—\- ' A.
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Salt hydrolysis

parentbase + parentacid —| salt + water
MOH HA M*A™ H,O

Not all salts form neutral aqueous solutions . It depends on the extent to which the ions
can react with water and hydrolyse it.

Salt of strong acid and strong base - no hydrolysis
The reaction between a strong acid and a strong base forms a salt in which both
the conjugate acid and the conjugate base are weak. As a result there is virtually no

hydrolysis of ions, and the pH is close to neutral. For example:
Nat X read ul‘\u,‘O
HCl(aq) + NaOH(aq) — NaClaq + H,0()

“PR approximately 7 cl - X readd g.;& «7'0

Solutions of salts of strong acids with strong bases have a pH = 7 at 298 K.

Salt of strong acid and weak base - cation hydrolysis \
The cation (M*) is a conjugate of the parent base. When the base is weak and this "
conjugate is a non-metal (e.g. NH,*), it is able to hydrolyse water: + 3
- —
HC|M+ W3l‘1-\-_) NVhr+ Cl “) Mg + o ‘_,Nh}»li)o
The release of H* causes the pH of the solution to decrease. U X e mil’ll.p

For example:

Solutions of salts of strong acids with weak bases have a pH < 7 at 298 K.

When the cation is a metal ion, the situation is a little more complex as it depends
on the metal’s charge density. Metal ions that have a high charge density, such as A**
and Fe®*, carry out hydrolysis, releasing H* from water. As a result they form acidic
solutions.

Salt of weak acid and strong base — anion hydrolysis
The anion (A-) is a conjugate base of the parent acid. When the acid is weak this
conjugate base is strong enough to cause hydrolysis: C M}( oM + NaOY —
A~(ag) + H,O(l) = HA(aq) + OH (aq)
i ’ e NalMy60 + 4,0
The release of OH- causes the pH of the solution to increase. 2" 00"
For example, the salt NaCH,COO, containing the conjugate base CH;COO", causes
hydrolysis:
V¥ 4 CH,COO-(aq) + H,0() = CH,COOH(ag) + OH-aq) + N at

Solutions of salts of weak acids with strong bases have a pH > 7 at 298 K.

Salt of weak acid and weak base

When a weak acid reacts with a weak base, they form a salt in which both the
conjugates are relatively strong and carry out hydrolysis. The pH of the solution
therefore depends on the relative K, and K, values of the acids and bases involved.

Citood + Wik = N (H (00 "
W (hov

Neutralization = Example of parent Salt formed Hydrolysis of ions Type of salt pH of salt
reaction acid and base solution solution

strong acid and HCl(aq) + NaOH(aq) | NaCl(aq) neither ion hydrolyses | neutral 7

strong base

weak acid and CH;COOH(aq) + NaCH;CO0(aq) anion hydrolyses basic >7

strong base NaOH(aq)

strong acid and | HCI(aq) + NHy(aq) NH,Cl(aq) cation hydrolyses acidic <7

weak base

weak acid and CH;COOH(aq) + NH,CH;COO(aq) | anion and cation depends on cannot

weak base NHs(aq) hydrolyse relative strengths | generalize

of conjugates

Ny UND, — W+ N,

40 Predict for each salt in aqueous solution pH will be greater than, less than, or equal to 7.
(a) NaCl G?d (€) NH,NO, Legb
(b) FeCl, L@ $¢ (d) Na,CO, g(-kf VM |47_(03
41 Which compound will dissolve in water to give a sOlution with a pH greater than 72
A sodium chloride € ammonium nitrate 2- -
B potassium carbonate D lithium sulfate [4 0, + “-,9 :.‘M[Oz
42 Deduce whether the pH of the resulting salt solution will be greater than, less than, or equal to 7 when N o”-

the following solutions exactly neutralize each other.

(a) H,50,(aq) + NH,(aq)
(b) H;PO,(aq) + KOH(aq)

() HNO(aq) + Ba(OH),(aq) 2+
8 ety ~ .
y-o.. o 1
.»l . - [(:e(wzo)so

b
u\’o/ flfl r\oi‘n
» 18 M

w \n
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‘The halfequivalence point
chis point

ThepH

[T o cures
: H would

ng ot ac . graph of
give a linear relationship. This, however, is not the case mostly due to the logarithmic nature of
the pH scale.

Itisfound that in most

way up this jump.
The equivalence point  is when the acid and base perfectly neutralse each other.
In must be able we

+0.10 mol dm solutions of ll acids and bases;

burette;

1:1 ratio,

the 50cm? of acid).

1 Strong acid and strong base
For example: W SPO0N
HCl(ag) + NaOH(ag) — Naclfaq) + H,0()

fetmaiireny
=y

aro
—
bl
sevhmes | 05504 sotow1=00mss.
prord
oe1=oan sone3
woeanm | -
et
H g
B cquanncs &
il e
o @
ame 1010t e

The following poiots canbe deduced from the graph:

1 inical pH = 1 (pH ofstrong acid:

2 phchangesonly gradually el cquivalence;

3 very sharpjump n pH a equivlence: from pH 3to
n

PHtcquivilence 7.

2 Weak acid and strong base  ~3qsiudace -mst"J:t‘”
Forexampe: i

CH,COOH ) + NsOH(sq) = NaCH,CO0G0) + )
~pHatcquivalnce > as th aion hydrlyss eeses OH-

@

<] S—
pow>7

% 13
e a0 0mog- s

‘The ollowing points can be deduced from the graph:
initial pH firly high (pH of weak acid:
PH says relatvely constant until equivalence ~labelled asbuffr egion:

jump asfora strong acid-strong base ttration

S pHatequivalenceis>7.

is when exactly half of the acid has been neutralsed. Around
the graph we have a buffer solution formed as there are approximately equal

amounts of the weak acid and it conjugate base.

Calculting pK. . from the pH at the half-equivalence poinc

Becauseat

soif we assume that [acid] = [HA] and [salf] = [A°], then [HA]
‘cancel these terms n the equilibrium expression:
K= [H']and pK, = pH

of the acid:

“-JL“X' HA 2 ¢, A~

(A and sowecan

3 Strong acid and weak base
Forexample:

HClg) + NH,(20) = NH.Claq)

« pHat equivalence < 7 a cation hydrolyss eleases Hr.

It
I
n
o )
5
s
7
¢ ®
5 <7
7 pon:
3
2
i

%
010 motam N

The following points can be deduced from the graph:
initial ph =1 (srong acd);

Jumpin pH at equivalence from about pH 30-7.0;

PHat equivalenceis <.

4 Weak acid and weak base
Forexample

(CH,COOH(ag) + NHyag) = NH,CH,COO(aq)

« pH atequivalence s dificult o defne

i
1.
2
b
0:
3
s
i

7
&
H
q
3
H
i

o

ER
Vol of 010 moldm- N

initial pHis sy bigh (pH of weak acid)
additon ofbase causesthe pH o ise steadly;

dandba

measurements. o determine thecquivalence point

0 NAOH oo Whch i e e o i o s

1 g

1 pHatequence o

10 Vohame of NAOH et rech e bl pot

A tony » oy © lwdkoy D Wony

“
104/ac) Mark o your ggh e pH a equkaence and h e g
. o

Ot ot on e i cure

“

i
T
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Indicators signal change in pH

These indicators are themselves weak acids or weak bases in which the undissociated
and dissociated forms have different colours. If we consider an indicator HIn that is a
weak acid, it exists in equilibrium in solution as follows:

Hin(aq) = H*(aq) + In~(aq) Forexample, methyl orange is an indicator that is 1

red when placed in a solution of acid such as HCI.

colour A colour B Asanalkaliis added and the pH increases, the
indicator changes to yellow. We can show this in
an equation using HMet to represent the weak acid
By applying Le Chatelier’s principle, we can predict and Met™ o represent its conjugate base. !
how this equilibrium will respond to a change in HMet(aq) = H'(oq) + MEFIED

the pH of the medium.

« Increasing [H*]: the equilibrium will shift to the
left in favour of HIn.

« Decreasing [H*]: the equilibrium will shift to the
right in favour of In~.

In other words, at low pH colour A will dominate
and at higher pH colour B will dominate.

* Indicators change colour when the pH is equal to their pK,

The change in colour of methyl orange, known as its change point or end-point,
happens in the range pH 3.1-4.4. What determines the pH at which this occurs for an
indicator?

We can answer this by considering the equilibrium expression for the above reaction.
The acid dissociation constant is defined as follows:

]

* [HIn]

At the point where the equilibrium is balanced between the acid and its conjugate base,
that is where [In-] = [HIn], the indicator is exactly in the middle of its colour change. As
these values cancel in the equation

1]
[pie]

the expression becomes simplified as K, = [H*] or pK, = pH.

A small amount of added acid or alkali will disrupt this equilibrium and therefore cause a
colour change.

If the pH at which an indicator changes happens to be in the equivalence point  of an acid-
base titration then we can use it to indicate the end-point .

Choosing a suitable indicator for a titration

If the pH at which an indicator changes happens to be in the equivalence point  of an acid-
base titration then we can use it to indicate the end-point .

1 Determine what combination of weak and strong acid and base are reacting

together.

2 Deduce the pH of the salt solution at equivalence from the nature of the parent
acid and base (page 384).

3 Choose an indicator with an end-point in the range of the equivalence point by
consulting data tables.

For example, in the titration of a weak acid with a strong base the equivalence point
occurs in the range pH 7-11. An appropriate indicator would therefore be one whose
end-point lies in this range, such as phenolphthalein (end-point range 8.2-10.0) as
shown in Figure 8.15.

phenolphthalein
is pink

PpH = pK, of phenolphthalein 100
=950 I end-point

range of (g VN

lgz phenolphthalein

pH

x
o0
L
o

phenolphthalein
is colourless

volume of base

Reactants in pH range at
colour change
strong acid + 3-11 i 9.50 8.2-10.0; colourless to pink
strong base methyl orange 3.46 3.2-4.4; red to yellow
weak acid + 7-1 i 9.50 8.2-10.0; colourless to pink
strong base phenol red 800 | 6.6-8.0;yellowtored
strong acid + 37 methyl orange 3.46 3.2-4.4; red to yellow
weak base blue 410 | 3.0-4.6; yellow to blue
weak acid + this combination of acid and base does not give a significant change in pH at equivalence, so there is
weak base no suitable indicator to use here

22. Acid-base indicators

methyl orange

bromophenol biue 5 .0-4. yellow

bromocresol green yellow

methyl red red
bromothymol blue d yellow
phenol red .8-8. yellow

phenolphthalein colourless
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1 The K, value for a base is 5.0 x 10-2 mol dm- at 298 K. What is the K, value for its
conjugate add at this temperature?
A 50x 102 B 20x 10 C 20x 102 D 20x 10"
2 Which combination will form a buffer solution?
A 100 an’ of 0.10 mol dm™ hydrochloric acid with 50 an of 0.10 mol dm™ sodium
hydroxide
B 100 an’ of 0.10 mol dm™ ethanoic acid with 50 am® of 0.10 mdl dm™ sodium
hydroxide
€ 50 cm? of 0.10 mol dmi~? hydrochloric acid with 100 am? of 0.10 mol dm™ sodium
hydroxide
D 50 cm? of 0.10 mol dm ethancic acid with 100 am® of 0.10 mcl dm™ sodium
hydroxide
3 Equal volumes and concentrations of hydrochlcric acid and ethanoic acid are titrated with
sodium hydraxide solutions of the same concentration. Which statement is correct?
A The initial pH values of both acids are equal.
B At the equivalence points, the solutions of both titrations have pH values of 7.
C  The same volume of sodium hydraxide is needed to reach the equivalence point.
D The pH values of both adids increase equally until the equivalence pcints are reached.
4 Bromophend blue changes from yellow to blue over the pH range of 3.0 to 4.6. Which
statement is comect?
A Molecules of bromophenol blue, Hin, are blue.
B AtpH < 3.0, a solution of bromophenol blue contains more ions, In~, than mal ecules,
Hin.
C The pX, of bromophenol blue is between 3.0 and 4.6.
D Bromophenal blue is a suitable indicator to titrate ethanoic acid with potassium
hydrexide solution.
5 What isthe K} expression for the reaction of ethylamine with water?
A K, = [CH,CH,NH;*] [OH)
B K= [CH,CHNH, JlOH")
[CH,CH,NH,]
¢ < LCHCHNH 0]
"7 [CH,CHNH, |
D K, = [CHCH;NH,] [H,0)

8 If 20 em? samples of 0.1 mol dm™ solutions of the adds below are taken, which add would
require a different volume of 0.1 mol dm™ sodium hydrexide for complete neutralization?

A nitric add B sulfuric add € ethanoic add D hydrochloric add
9  Which mixture of add and alkali would produce a buffer solution?

Acid Alkali

40 an? 0.1 mol dm-2 HCI 60 cm? 0.1 mol dm=! NaOH

60 an’ 0.1 mol dm=* HCl 40 cm? 0.1 mol dm= NaOH

A ® >

40 an’ 0.1 mol dm=> HCI 60 cm? 0.1 mol dm=' NH,

D | 60an’ 0.1 mol dm-3 HCI 40 em? 0.1 mol dm= NH,

10 Ammonia acts as a weak base when it reacts with water. What is the K, expression for this

reaction?
NHCJOH] o INHIHO) ) p [NHCOH]
(NH, ]IH,0] [NH,*][oH"] [NH,"J(oH"] [NH,]

11 The indicator Hin is used in a titration between an acid and base. Which statement about the
dissociation of the indicator, Hin, is correct?
Hinlag) = H*{aq) + In-laq)
colour A «colour B

A In astrongly alkaline sclution, colour B would be observed.
B In a strongly addic solution, colour B would be observed.
C [In7] is greater than [Hin] at the equivalence point.
D In aweakly addic solution colour B would be observed.

12 Which saltt dissolves in water to form an acidic solution?

A ammonium nitrate C potassium chloride
B sodium ethanoate D sodium hydrogencarbonate
13 Which of the following mixtures of equimolar solutions produces a buffer with pH < 7 at 298 K?
A 50 an? HCl(aq) and 150 am? NH,(aq)
B 50 am® CH,COOH(aq) and 50 am? HCl(aq)
€ 100 cm® CH;COOH(aq) and 50 cm® NaOH(aq)
D 50 am? CH;COOH(ag) and 50 am® NHa(ag)

16 Ammonia can be converted into nitric acid (HNO;(aq)) and hydrocyanic acid (HCN(aq)). The pk,

of hydrocyanic acid is 9.21.

(a) Distinguish between the terms strong acid and weak acd and state the equations used to
show the dissodiation of each acid in aqueous solution. 3)

(b) Deduce the expression for the ionization constant, K, of hydrocyanic add and calculate its
value from the pk, value given. (2)

(€) Use your answer from part (b) to calculate the [H*] and the pH of an aquecus solution of
hydrocyanic acid of concentration 0.108 mol dm™. State one assumption made in arriving at
your answer, (4)

(Total = 9 marks)
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m Acid deposition

Causes of acid deposition

All rain water is naturally acidic owing to the presence of dissolved carbon dioxide,
which dissolves in water to form the weak acid carbonic acid, H,CO;.

H,0(l) + CO,(g) = H,CO4(aq)
Carbonic acid ionizes to form the following equilibrium:

H,COs(aq) = H*(aq) + HCOy (aq)

Acid deposition is a broader term than acid rain and includes all processes by which

acidic components as precipitates or gases leave the atmosphere. There are two main
types of acid deposition:

= wet acid deposition: rain, snow, sleet, hail, fog, mist, dew fall to ground as aqueous
precipitates;

« dry acid deposition: acidifying particles, gases fall to ground as dust and smoke, later
dissolve in water to form acids.

Sulfur oxides

S(s) + O5(g) = SO, (g)

Sulfur dioxide is a colourless gas with a sharp smell. It dissolves in water to form
sulfurous acid, H,SOs(aq).

H;O(l) + 502(3} - HQSO;(aq)
Sulfur dioxide can also be oxidized to sulfur trioxide, SO;, which then dissolves in

water to form sulfuric acid, H,SO,.

250,(g) + O,(g) — 250;(g)
H,0(1) + SO4(g) — H,50,(aq)
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