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H+

Bronsted—Lowry: a theory of proton transfer =

This theory focuses on H ions during an acid : acid
donate H* while bases accept H. For example, in the reaction between HCl and NH:

HCl+ NH, = NH,* + Cl-

HCl transfers H* to NH; and so act d; NH, the H* and base.

Hydrogen atoms contain just one proton and one electron, so when they ionize by
losing the electron, all that isleft i the proton. Therefore H* s equivalent fo  proton, and 3
we will use the two terms interchangeably here.

v

The Bronsted-Lowry theory can therefore be stated as:

+aBronsted-Lowry acid is a proton (H*) donor; <]
+aBronsted—Lowry baseis a proton (H) acceptor.

Conjugate pairs <, '

d base B
HA+B= A" +BH"
conjugate sid-base pair
HA+B= A" +BH"
it
conigete scid-base i
Acids react to form b: vice versa. The aci each otherin

this way are called conjugate acid-base pairs, and you can see tht they difr by just
bl irsi o id
pairsina
base reaction.

One example of a conjugate pair is H,0 and ;0" which is found in all acid-base
reactions in aqueous solution. The reaction The H ;0% ion is called the.

H,0() + H'(aq) = H,0*(aq)

Ladﬁzzn_ﬂi.«u_\ [

Worked example
Label the conjugate acid-base pairs in the followiny
CH\COOH(aq) + D) = CH,C00aq) + Hi'(ag)

1 h jug: h of
(a) H0* (b) NH, (¢) HCO; H O* —uo s Vl+
2 he conjugate acid for each of ing. Y T8
(a) NO; (b) OH- (c) CO*>
Solution Ny =2 N, o W
1 Toform the base from these species, remove one H*
() HO (b) NHy (©) HCO;~
2 Toform the acid from these species, add one H*
(a) HNO, (b) H0 (c) HCO;
Some species can act as acids and as bases
CH,COOH + H,0 = CHCOO" + HO* ‘The species (such as water) are
acid base base acid called amphiprotic ~ as they can

both donate and receive an
electron. What features do they
need to do this?

Worked example

Write equations to show HCO;™ acting (a) as a Brensted—Lowry acid and (b)as a
Brensted-Lowry base. (with water)

NH, + H0 = NH,* + OH
base  acid acid  base

Solution

(a) toactasan acid, it donates H*
HCOy(aq) + HyO(l) = CO5*(aq) + H;0*(})
(b) toactasa base, it accepts H*
HCO57(aq) + HO()) = H,COx(aq) + OH~(aq)

1 Deduce the formula of the conjugate acid of the following: I
) @ () CHcoo @ F o
(0) CHNH, ) (@) Nos- (0 o, v
2 educe be AP ihe Spojogate base o th olowing
) @) H,PO, C-H3NH3 (©) Hs0, (@) OH- ©
(b) CH,COOH = (d) HSO, (n Her

o)
3 —foreach of the M reactions, identify the Bronsted-Lowry acids and bases and the conjugate

—cid-base pairs: Ch;coa 4 e
(a) CH;COOH + NH = C + CH,COO" ben
(b) cos? m s
_{g) NH. +No; D
4 Show by means of equations how the anion in K:HPO, is amphiprotic.

0

- + -
tz -wb‘f +Hho < Kﬁl.Po, + 0l
o
-
o, ~OZ & e 18
Lewis acids and bases
Lewis acids and bases are defined by their ability to donate o receive a pair of electrons:

. CD x Vg
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8.2 Properties of acids and bases

Reactions between acids and bases - the bases we consider are those that neutralise acids to form water. We
must consider:
# metal oxides and hydroxides A“ \ = ool loose
+ammonia;
« soluble carbonates (Na,CO, and K,CO,) and hydrogencarbonates (NaHCO, and

KHCO,).

The soluble bases are known as alkalis. When dissolved in water they all release the
hydroxide ion OH-. For example:

K,0(9 +H,0() > 2K*(aq) + 20H (sq)
NH;(ag) + H;0() = NH,‘(aq) + OH (aq)
CO;*(aq) + H;0() = HCO57(aq) *;E‘(aq)

HCO;(aq) = CO(g) + OH(aq)
These acid-base reactions all form salts . A salt is a an ionic compound in which the hydrogen of an acid is replaced
by a metal ion. (“ dher ?’f:l“& ’“)

1 Acid + metal — salt + hydrogen
2HCl(ag) + Zn(s) — ZnClyaq) + Halg)
H;SO,(aq) + Fe(s) — FeSO,(aq) + Hy(g)
2CH,COOH(aq) + Mg(s) = Mg(CH,C00),(aq) + Hy(g)

2 Acid + base — salt + water
HCl(aq) + NaOH(aq) — NaCl(ag) + H,O()
HNO,(aq) + NH,0H(aq) — NH,NO, (aq) + H,0()
2CH;COOH(aq) + CuO(s) = Cu(CH;CO0),(aq) +HO(l)

2- -
These reactions betwween acids and bases are known as neutralization reactions. Tey O~ 4 U;0 =5 ZOH
can all be represented by one common ionic equation that shows the net reaction

clearly: A-éu-éw—, ]y ¥ —w -+ 02-
He(aq) + OH-(aq) > H,0()
S »

3 Acid + carbonate — salt + water + carbon dioxide m + Hz_o
2HCl(ag) + CaCO;(s) — CaCly(aq) + H,0(l) + CO,(g)
H,S0,(aq) + Na,CO,(aq) — Na,SO,(aq) + HO(l) + CO(g)
CH,COOH(aq) + KHCO,(aq) — KCH,CO0(aq) + H,0()) + CO,(g)

These reactions can also be represented as an ionic equation:
2H(aq) + CO;(aq) — H,0() + COL(g)

The reactions, like the reaction of acids with metals, involve a gas being given off so
they visibly produce bubbles, known as effervescence.

Acids and bases can be distinguished using indicators

Indi. 14d.

sactas ch giving information about a change in the
environment. The indicators most widely used in chemistry are acid-base indicators

that change colour ibl ding to the ion of H* ions in the solution.
Indicator Colour in acid Colour in alkali
litmus pink blue
methyl orange red yellow
phenolphthalein | colourless pink

Exercises 5 @

§  Write equations for the following reactions: ©
(a) sulfuric acid and copper axide ©
(b) nitric acid and sodium hydrogencarbonate «
(<) phosphoric acid and potassium hydrexide
(d) etharwic acid and aluminium : e
6 An aqueous solution of which of the following reacts with calcium metal? ©
A ammonia C  potassium hydroxide
B hydrogen chloride D sodium hydrogencarbonate ©
T Which of the folkowing is / are formed when a metal axide reacts with a dilute acid? o
| ametalsak
Il water G}
Il carbon dioxide gas

Ionly B landllonly € ltand Il only D 1, and Il

A
@ Suggest by name a parent acid and parent base that could be used to make the following sakts. Write
equations for each reaction.

(a) scdium nitrate (€) copper(il) sulfate Ca$0y
(b) ammonium chloride (d) potassium methanoate ‘/ O so" -~
kN

N+ “ND'$ — NJ\M; l’l'l’bo = N“l\—(’\

NH »L

+ H -
3 Y0 o NG it Q0

Hlsoq, + WO - &Sq + W0
WP

\O’H
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8.3 Strong and weak acids and bases
Understandings:

 Strong and weak acids and bases differ in the extent of ionization.
Guidance

. ds
bases.
Guidance
See section 21 in the data booklet for a st of weak acids and bases.

A strong acid is a good proton donor and has aweak conjugate base.
. b d K

d bases of ids and

Consider the acid dissociation reaction:

HA(ag) + H,0() = Aag) + H;0*(aq)

Simplpabs HA = A 4

If this acid dissociates fully, it will exist entirely as ions in solution. Itis said to be a
tre id. For exampl acid, HCl, isa st d

The reaction is written without the equilibrium sign.
HCl(ag) + H;0() - H;0%(aq) + Cl-(aq)

If, on the other hand, the acid d

mixture in which the undissociated form dominates. Itis said to be a weak acid. For

example, ethanoic acid, CH,COOH, is a weak acid.

CH,COOH(ag) + H,0() = H,0*(aq) + CH,C00"(aq)

partiall, it prod

Here itis essential to use the equilibrium sign for s dissociation reaction.

Compare the strength of the conjugate bases:

HClag — +
strong acid

H,00)
base

- H,0%aq) +
conjugate acid

Clag)
conjugate base

b

CH,COOH@q) +
weak acid

HO0) =
base

H,0%(aq) +
conjugate acid

CH,CO0"(aq)
conjugate base

Less shlle

In a similar way, bases can be described as strong or weak on the basis of the extent of
their ionization. For example, NaOH is a strong base because it onizes fully.

NaOH(ag) — Na*(aq) + OH-(aq)
Shibe

On the other hand, NH, is a weak base as it ionizes only partially, so its equilibrium
lies to the left and the concentration of ions is low.

D
Le e 3
Shie au,
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Ha Wsc

Less ghm\e
M)‘j'i‘
)2l

Cicom

S

Be careul notto confuse

wo difierent pairs of

opposites:

« strong and weak acids

totheir

extent of dissociaion;

* concentrated and dilute
refer o the atio

NHj(ag) + H,O() = NH,*(ag) + OH(aq) solute and water inthe
— soluton.
Examples:
Add Base
common | Hal hydrochioricacid | LIOH lithium hydraxide
examples
of strong | HNO nitrc acid NaOH sodium hydroxide
forms H;504 sulfuric acid KOH potassium hydroxide
Ba(OH), | barium hydroxide
some CH,COOH | ethanoicacid | NHs ammonia
examples of | and other  (ieg Aeuke
‘weak forms | organic acids 3\ stihy)
H,CO; carbonicacd | CHsNH, | ethylamine
and other
amines Graine S
PO, phosphoric add

How can we distinguish between them?

A strong acid will have a much higher number of H+ ions compared to a weak acid (assuming

they are of the same This leads to

properties:
-3 )
[ md &7 HNOy  and | pd &e oot
1 Electrical conductivity
-0 This can be measured
P g dvity setting on a pH meter.
2 Rate of reaction
i ids described in section 8.2 depend on th f H* fons.

They will therefore happen at a greater rate with stronger acids.

3 pH

Because itis a measure of the H* concentration, the pH scale can be used directly to

compare they are of equal
Remember the higher the H- concentration, the lower the pH value. Universal
indicator ora pH meter can be used to measure pH.

Exercises

16 Which of the following 1 mol d? solutions will be the poorest conductor of electricity?

A HQ B CHCOOH € NaOH D NaCl
7 g salutions of

1 Add magn for f gas bubbles.

I Add 10 each soluti P hange.

il Use each solution In a circutt with  battery and lamp and see how brightly the lamp glows.

A land il only B landlll only C llandlionly D I ll,andil

18 Which acid In each of the follawing palrs has the stronger conjugate base?

(a) H,CO; or H;SO,
(b) HClor HCOOH

Baynsted-

v e

+ -
W50, — 20 4 SO,
G R

SN~

bage N ~cd

|\JH3 +‘E — &:‘,, on”
o

Lm:) wd > oanles an U (Pﬂhn)
oefs o0 U (phn)
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8.4 The pH scale
Understandings:

o= og g and ] 107

Gudance

Ko e epernce

et g b
sk e

pH is a logarithmic expression of [H+]

e,
more sense to represent them on a logarithic scale:

pH =-log u[H"]
pH and [H+] are inversely proportional > High [H+] gives a lowpH

")

In other word:

8] This can sl be expressed as:

« Asolution that has 1]
+ Asolution that has ]

PH numbers are usually positive and have no units
The pH number is inversaly rolatod to the [H']

A change of one pH unit reprosents a 10-fold change in [H']

Toy
decreasing by one pH unit represents an increase in ("] by 10 tines.

3t05,
concentration changes.

Teouses by A l(’ 0.

How can we reface [H4] o [OH-)!

i
o — o't e’

ML\ - w sy

e

oM on

hpo w0

pH calculations

From e defintion of pH we can

0 okt thevalue of p from  kown concntation o H':
@) calclate theconcentaion o from  givn pH.

reasing [OH]
increasing allalinity

o

W0 s g = on”

o

dor
Solution
pH =g (1]
=g (32107 =4-449485)
=14

At 298 Kthis pi <7, te ke wateris thereore acic

present
Solution

)= 10m

07= 40104
#1240 % 10 moldm>

How can we messure pH?

e IM;«;,,

The ionization of water

Water can sctualy sso ionize o 3 very small extent:

H0(l) = He(aq) + OH-(aq) OH= 4

hereore &, <C110H]

lie of
equilirium constant known a Ke.

spctied emperture, At 98K,
[OHit follows that [H] = K,

So,at 298 K, [H'] 2 100 107 whichgivesp

I pure wate because [H']

tempersture.

The relationship between H* and OH- is inverse

So in queous solutons:

The eq

He -

> Hing * Chg

ook

w’,\[...f] mkm
W [H‘I»']
’ {E4d

spproximaely 2 molecules are onised every minuce over
the Victoria Falls.

proportonsl to ons snather.

Tealso allows us He or OH-
100 1019

LDl - [m_lr and [OHT = 7"”,

(and use K, =

T{»w.‘vw« fle [ 4 [] Ren  can pradick

& SWhan & nadic o dlekine:
Acmmmnommmmummwmm (W5 [oH]
Neutralsolutions are defined asthose Inwhich  [H]= [OH']
Alkaline solutons are defined asthose Inwhich (4] <[OH]

rkod
A sample of bood st 295 K hs|

basic
Solution

AISK K= 1005 107
100x10
1T

) (om)

[oHT = =21710” mol

ASOH] > ] the souton s basic.

Exercises

10 &

eer has a hydrogen ion concentation of 19 x 10 mol dm Whatis ts pHY

at298K
pH<T
pH=7
pH>7

I

92125 °C

12 For each ofthe following aqueous solutions, calculate [OH) fom [HY o [H']from [OH] 1 Classiy each

acidic, basic, or neural at 298 K.

(a) [H] =34 107 mol dm?

(4; [H] e 0 maans

3

i

HClaq) = Hag) + Crag)

106 = 00"
40

(a) bile O] = 8x 10 mol dm?
(b) gastric juice: [H]= 107 mol
(€) urine: [OHF] = 6 x 10 mol dr

ofsoluton.

Heor OH-

make 10dm?

NaOH(3q)» Na(aq) + OFFac)
pH Pcrasen by 1unt

pHea72

1= 10 10° motcm, 41 10x10°

molam

(@ [0H1]= 29 x 10° ol am: baskc
(6) 14]= 1.0 10°" mot cim baske:
(@ 14]= 1.0 10°mol amr*; acdc:
(@ [OH]= 1.2 107% mol o, ackdc
pH=20

(@ pH-69 ® pH=2
(© pHedp

pH= 1317
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