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The ionic product of water, Ky,

FOCUS

Water is able to act as either an acid (by donating protons, H+) or a base (by accepting protons).

H+ donated

H,0(]) + H,0(l) = H,0%(ag) + OH"(aq)

acid base

We can simplify this equation by writing hydroxonium
ions, H,07, as simple hydrogen ions, H":

H20(l) = H'(aq) + OH (aq)

The equilibrium expression for this reaction is:

= [H*(aq)] [OH (aq)]
5 [H,0()]

Kw is called the ionic product of water. Its value at 298K is 1.00 x 10™**mol?’dm™.

pH calculations

pH is defined as the negative logarithm to the base 10 of the hydrogen ion concentration. In symbols

this is written: pH = — logio [H*]

hydrochlore acid (10D maldm 3 0.0
stormach ‘juices’ (contains HCl{ag)) 1.0-20
lemaon juice 23
vinegar 3

coffes around 5
rainwater {normal) 5.7

sdliva 6.3-6.38
frash milk around &5
pure water 70

sea water around 8.5
milk of magnesia 10

soapy water [cheap soap!) 11

bench sodium hydroxide {1.00 moldm=) | 14
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e the negative sign is introduced to make the pH values positive in most cases

e the logarithms used are to the base 10 (not to the base e), so make sure that when doing
calculations you press the log or Ig button on your calculator (not the In button)

e we can use this equation to convert [H*] to pH or pH to [H+ ].

Note that:

Calculating pH values from [H¥]

WORKED EXAMPLE

1 Calculate the pH of a solution whose H' ion
concentration is 5.32 % 10 *moldm-.
pH — ’logm [H'l
=-log,,(5.32x10")
=3.27

Use your own calculator to check that you can get
the correct answer. Try it several times. If you
cannot get this answer (3.27) check with your
calculator’s instruction booklet, or find your teacher
or a member of your teaching group to work with to
solve this problem.

Calculating [H*] from pH

WORKED EXAMPLE

2 Calculate the hydrogen ion concentration of a solution
whose pH is 10.5.

pH =-log,[H']
[H'] =10
=10-105
=3.16% 10 Y moldm~?

Use your own calculator to check that you can get
the correct answer. Try it several times. If you
cannot get this answer {3.16 x 10°*) check with your
calculator’s instruction booklet, or find your teacher
or a member of your teaching group to work with to
solve this problem.

The pH of strong acids
Monobasic acids contain only one replaceable hydrogen atom per molecule. Strong monobasic acids
such as hydrochloric acid are completely ionised in solution.

e pHof 0.1moldm™ HCl is —log(1 x 10™"moldm™) = pH 1
e pHof 0.01moldm™= HCl is —log(1 x 102moldm™) = pH 2
e pHof 0.001moldm™ HCl is —log(1 x 10>moldm™=3) = pH 3

Focus College +94 74 213 6666 www.focuscollege.lk
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Calculating the pH of strong bases
To calculate the pH of a solution of strong base we need to know:

e the concentration of OH-ions in solution

e the equilibrium expression for the ionisation of water:
Kw = [H*][OHT]

e the value of Kw for water

WORKED EXAMPLE

3 Calculate the pH of a solution of sadium hydroxide of
concentration 0.0500 moldm 2,

K, =1.00 x 10-**mol*dm *© (at 298K).
Step 1 Write the expression relating [H'] to K, and [OH |
H* —K"
W)= ory
Step 2 Substitute the values into the expression to
calculate [H'].

~14
()= 190220 -2 .00 x 1022 mol dm

Step 3 Calculate the pH.

pH -~ 'IOS,Q[H']
=-log,,(2.00x 1043)
=127
A quick way to get the same answer is to:
find ~log,,(OH] (here ~log,, [OH"} = -log,,{0.0500)
=13).
subtract this value from 14 (in this example
14-13=127).

This works because ~log, ,[H"] - log,, [OH] = 14.

Weak acids — using the acid dissociation constant, K,
Ksand pKj

CH,COOH(aq) + H,0(l) == H,0*(aq) + CH,COO(aq)
We can simplify this equation to:

CH,COOH(aq) == H'(aq) + CH,CO0O (aq)

ethanoic acid ethanoate lon
The equilibrium expression for this reaction is:

_[H'][CH,CO0"]
*~  [CH,COOH]

K is called the acid dissociation constant. At 298K the value of K, for the dissociation of ethanoic acid is
1.74 x 10°moldm™. The units of K, are determined in the same way as for K.. For the dissociation of a
monobasic acid the units are mol dm=.
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The value of K, indicates the extent of dissociation of the acid.

FOCUS

e A high value for K, (for example, 40moldm™) indicates that the position of equilibrium lies to the
right. The acid is almost completely ionised.
e Alow value for K, (for example, 1.0 x 10*moldm™) indicates that the position of equilibrium lies
to the left. The acid is only slightly ionised and exists mainly as HA molecules and comparatively
few H* and A”ions.

As K, values for many acids are very low, we can use pK, values to compare their strengths.
pKa = —logioKa

Acid or ion Equilibrium in aqueous solution

nitnc HNO,===H" + NO about 40 -1.4
sulfuric(IV) ‘ H,SO,7==H" + H30, 1.5x 10+ ' 1.82
hydrated Fe™ ion . _F»?IH_@, ‘ e==H" + [Fe(H,0).(OH)]* B.Ox 107 . 222
hydrafluoric ‘ HF P==H" + F- 56x10 ' 325
nitnc(lI1) I HNO,===H" + NO. 1.7x10 ' 3,33
methanoi ‘ HCOOH==H" + HCOO 16x10 3.80
”va'n.v',-un; F H,COOH==H"+ C H CO0" 63x10 [ 4.20
ethanoic \HODFF;‘H Tib:\:iFT 1.7x105 417
propanoic ‘\'.'H“Cﬂ_CC"W:H' + CH,CH,CO0 13%10 489
hydrated Al ion ‘ [Al{H,0) J* ===H" + [Al{H,0) (OHI** 1.0 1075 500
carbonic ‘ o, + ';‘_i-"‘_"H' + HCO v' 4.5 % 137" 6.35
silicic .510‘, ¢ H,0==H'"+ HSIO 1.3 %10 939
hydrogencarbonate ion l HCO,"==H" + (O 48107t 10.3
. ;‘l‘\'d'r)gﬁ’f‘;k licate ion . HSID,"=—=H" + SIi0. 1.3 1074 119
water H,O st H* + OH 1.0x 10 14.0

Calculating K, for a weak acid

We can calculate the value of K, for a weak acid if we know:

e the concentration of the acid
e the pH of the solution.

In order to calculate the value of K, we make two assumptions.

Focus College
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From the general equation:
HAfaq) == H" + A~

we can see that for each molecule of HA that ionises, one
H' ion and one A" ion are produced. (This assumes that we
ignore the H* ions arising from the ionisation of water.)

[H*] =[A7]

We can rewrite the equilibrium expression
_H][A7]
ATy
as

<11

2 =THA

R b
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e We ignore the concentration of hydrogen ions produced by the ionisation of the water
molecules present in the solution. This is reasonable because the ionic product of water (1.00 x
10"*mol’dm™) is negligible compared with the values for most weak acids

e We assume that the ionisation of the weak acid is so small that the concentration of
undissociated HA molecules present at equilibrium is approximately the same as that of the

original acid.

WORKED EXAMPLE

4 Calculate the value of K, for methanoic acid. A solution
of 0.010mol dm ¥ methanoic acid, HCOOH, has a pH
of 2.90.
Step 1 ConvertpHto [H'].
(] =10-2%
=1,26 x10*moldm™?

Step 2 Write the equilibrium expression.

_HP I L
K=Ta ©° K Trcoon)
Step 3 Enter the values into the expression and
calculate the answer,
x = (126x10°97
" (0,010

=1.59%10"*moldm

Calculating the pH of a weak acid
We can calculate the pH value (or [H*]) of a weak
acid if we know:

e the concentration of the acid
e the value of K, for the acid.

WORKED EXAMPLE

5 Calculate the pH of 0.200moldm* ethanoic acid,

CH,COOH.
(K,=1.74% 10-5moldm %)

Step 1 Write the equilibrium expression for the reaction.
CH,COOH(aq) == H'(ag) + CH,CO0"(aqg)

K = W or K= Ly
"~ [HA] »~ [CH,CO0H]
Step 2 Enter the values into the expression.

s HT
1.74%10°= {0.100)

Step 3 Rearrange the equation,
HT=174%105%0.100=1.74x 105
Step 4 Take the square root.
[H']=y1.74 % 10-% =1.32 x 10 moldm
Step 5 Calculate pH.
pH =-log,,H']

=-log,,{1.32x 107
=2.88 (to 3 significant figures)
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Indicators and acid—base titrations

Introducing indicators
many indicators can be considered as weak acids in which the acid (HIn) and its conjugate base (In”)
have different colours.

Hln = H' + In

un-ionised conjugate base
indicator colour B
colour A

e Adding an acid to this indicator solution shifts the position of equilibrium to the left. There are
now more molecules of colour A.

e Adding an alkali shifts the position of equilibrium to the right. There are now more ions of colour
B.

o The colour of the indicator depends on the relative concentrations of Hin and In~. The colour of
the indicator during a titration depends on the concentration of H* ions present.

part of part of part of
pelargonidin cation pelargonidin molecule pelargonidin anion
(red) (violet) (blue)
OH OH (on
OH (0} (6]
i~ ° B LN B
S | Z o $ | Z > 0oH $ | 2
+ H,0
Name of dye Colour at lower pH | pH range | End-point | Colour at higher pH
methyl violet yellow 0.0-1.6 0.8 blue
methyl yellow red 29-4.0 38 yellow
methyl orange red 32-44 3.1 yellow
bromophenol blue | yellow 2.8-46 4.0 blue
bromocresol green | yellow 38-54 4.7 blue
methyl red red 42-6.3 51 yellow
bromothymol blue | yellow 6.0-7.6 7.0 blue
phenolphthalein colourless 8.2-10.0 9.3 pink/violet
alizarin yellow yellow ‘ 10.1-13.0 12.5 orange/red

Strong acids with strong bases

Focus College +94 74 213 6666 www.focuscollege.lk
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These results show:

e asharp fall in the graph line between pH 10.5 and pH 3.5; in this region tiny additions of H" ions
result in a rapid change in pH

14+
e a midpoint of the steep slope at pH 7
e the midpoint of the sharp fall corresponds to 121
the point at which the H* ions in the acid 10 bromothymol
. . . 2 blue is blue
have exactly reacted with the OH™ ions in the E
alkali; this is the end-point of the titration S 5 ) | 7'67} range for
e that bromothymol blue indicator changed § 6- 60— EI’::W“‘Y"W'
from blue to yellow over the range 7.6 to 6.0 = i
where the slope is steepest. E:S:'I‘:t;’mw
2 -
]4 7] mm&h | - - T - T T T u
A ﬁ;;spm 0 4 8 12 16 20 24 28 32
| : Volume of 0.1 mol dm= HCl added / cm?
£ 10 ——10.0 — range for
€ 8—- 82— phenolphthalein
% 1-
= o
= 1 phenolphthalein
a 44 is colourless
2
Oor—T——T—TT T T T 71
0 4 8 12 16 20 24 28 32
Volume of 0.100 mol dm™ HCl added / cm®
Strong acids with weak bases
"4 These results show:
12
e a sharp fall in the graph line between pH 7.5 and pH 3.5
10

o that the midpoint of the steep slope is at about pH 5.

pH of flask contents
o N
1 L

<.

~

0 . ‘ ‘ . . ‘ T
0 - 8 12 16 20 24 28 32

Volume of strong acid added to weak base / cm®
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Weak acids with strong bases

These results show:

. a sharp fall in the graph line
between pH 11 and pH 7.5

that the midpoint of the steep
slope is at about pH 9.

[ ]
pH of flask contents
~
|

0 LR I S PRI PPLENE) SN CONLNE SRR SN A DR
0 4 8 12 16 20 24 28 32
Volume of weak acid added to strong base / cm®

Weak acids with weak bases
14 -

8 -
16 range for
6 6.0 bromothymol blue

pH of flask contents
~
1

—— end-point somewhere
between 19.5 and 20.5 cm?

0 L B T T LT DU RN PR B
0 4 8 12 16 20 24 28 32
Volume of weak acid added to weak base/ cm?

Buffer solutions

What'is a buffer solution?
A buffer solution is a solution in which the pH does not change significantly when small amounts of acids

or alkalis are added. A buffer solution is used to keep pH (almost) constant.
An increase in hydrogen ion concentration would greatly lower the pH of water, but when H+ ions are

added to the buffer solution:
e addition of H+ ions shifts the position of equilibrium to the left because H+ ions combine with

CH3COO™ ions to form more CH3;COOH- until equilibrium is re-established
o the large reserve supply of CH;COO™ ensures that the concentration of CH;COO™ ions in solution

does not change significantly
o the large reserve supply of CH;COOH ensures that the concentration of CH3COOH molecules in

solution does not change significantly
e 5o the pH does not change significantly

+94 74 213 6666 www.focuscollege.lk
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An increase in hydroxide ion concentration would greatly increase the pH of water, but when OH-ions

are added to the buffer solution:

e the added OH™ ions combine with H+ ions to form water

e this reduces the H* ion concentration

e the position of equilibrium shifts to the right

e 50 CH3COOH molecules ionise to form more H* and CH;COO™ ions until equilibrium is re-

established

e the large reserve supply of CH3COOH ensures that the concentration of CH;COOH molecules in

solution does not change significantly

e the large reserve supply of CH;COO™ ensures that the concentration of CH;COO™ ions in solution

does not change significantly
e 5o the pH does not change significantly

Calculating the pH of a buffer solution
We can calculate the pH of a buffer solution if we
know:

e the Ka of the weak acid
e the equilibrium concentration of the weak
acid and its conjugate base (salt).

Uses of buffer solutions

Buffer solutions play an important part in many
industrial processes, including electroplating, the
manufacture of dyes and in the treatment of
leather.

Focus College
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6 Calculate the pH of a buffer solution containing

0.600 moldm™2 propanoic acid and 0.800 moldm~3
sodium propanoate.

(K, propanoic acid = 1.35 x 10 moldm3)

Step 1 Write the equilibrium expression.
[H][C,H,CO0"]

a” [C,H,COOH]
Step 2 Rearrange the equilibrium expression to make
[H*] the subject.
.. K, x[C,H,COOH]

H1=""1c h.cooT

Note that in this expression, the ratio determining [H'],

and hence pH, is the ratio of the concentration of the

acid to the salt (conjugate base).

Step 3 Substitute the data given.

(0.600)
o= -5
[H] =1.35x10x ~5aas

=1.01x10°moldm3

Step 4 Calculate the pH.
pH = -log, [H]
=-log,,(1.01x 103
=—(-4.99)
=4.99

www.focuscollege.lk
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Equilibrium and solubility
Solubility product

When solid silver chloride dissolves it is in contact with
saturated silver chloride solution and the following
equilibrium is set up:

AgCl(s) == Ag'(aq) + Cl(aq) ' = S
o 2 @
The equilibrium expression relating to this equation is: AgCliaq) ® ® ® = ® A¢
_[Ag'(aq)l [CI(ag)] 744 VY oo
v [AgCl(s)] DD DD 2

For any solid, the concentration of the solid phase remains Agcle) ? '(?-Q : = s ) "Q‘-Q
constant and can be combined with the value of K . - .

So we can write this equilibrium expression as:
K, = [Ag (aq)] [Cl"(aq)]

K is called the solubility product. Values are quoted
at 298 K.

Solubility product is the product of the concentrations of each ion in a saturated solution of a sparingly
soluble salt at 298K, raised to the power of their relative concentrations.

;T no
AeCl f 18x10°"
where a is the number of C* cations in one formula unit o i s

of the compound and b is the number of A* anions in one ' - ! ‘

formula unit of the compound Baco, : S5 10°W
So for Fe,S, (which contains Fe** ions and §* ions) the Baso, ‘ 1.0% 10
equilibrium is: Caco, 5010
Fe,S,(s) === 2Fe*(aq) + 35% (aq) [ nidies
Cu$ B3 10°%
and the equilibrium expression is: Fra o), ; —
K., = [Fe" (aq)*[S* (ag)[* FerSy ; 10x 10
Hzl, ‘ 25% 0%
‘ Mn{OH), ? 10% 10
| PbCI, ' 1610
' Sh,5, L7x 10
SnCO, | 10> 10"
| Zo(oM), 20%10°7
‘/‘n:'\ ? 1.6%10°%

Focus College +94 74 213 6666 www.focuscollege.lk
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Solubility product calculations

WORKED EXAMPLES

7 Calculating solubility product from solubility.
A saturated solution of magnesium fluoride, MgF,,

has a solubility of 1.22 x 10-3moldm-3. Calculate the
solubility product of magnesium fluoride.

Step 1 Write down the equilibrium equation.
MgF,(s) == Mg?*(aq) + 2F(aq)

Step 2 Calculate the concentration of each ion in
solution.

When 1.22 x 103 mol dissolves to form 1dm? of
solution the concentration of each ion is:

[Mg?']=1.22 x 10*moldm™
[FF1=2x1.22x103*moldm—=2.44 x 10> moldm3
(The concentration of F-is 2x1.22 x 10> moldm—3
because each formula unit contains 2 x F-ions.)
Step 3 Write down the equilibrium expression.
K.o= [Mg2][F 2
Step 4 Substitute the values.
Ko (1.22 x 10-3) x (2.44 x 10-3)2

=7.26x%x10°
Step 5 Add the correct units.
(moldm=3) x (moldm—)2=mol*dm-°
Answer=7.26 x 10~ mol*dm?

Predicting precipitation

WORKED EXAMPLE

9 Willa precipitate form if we mix equal volumes of
solutions of 1.00 x 10-*moldm~ Na,CO, and
5.00 x 10-*moldm-3 BaCl,?
[Ba?*]=2.50x 10" moldm~3
[CO32]=5.00 x 10~ °moldm 3
[Ba?*][CO3%] =(2.50% 10-5) x (5.00 x 10-9)
=1.25x10°mol?dm®
This value is greater than the solubility product, so a
precipitate of barium carbonate forms.

The common ion effect

8 Calculating solubility from solubility product

Calculate the solubility of copper(ll) sulfide in
moldm=.

(K, for Cus=6.3 x 10**mol?>dm=®)

Step 1 Write down the equilibrium equation.
CuS(s) == Cu*'(aq) + S*(aq)

Step 2 Write the equilibrium expression in terms of
oneion only.

From the equilibrium equation [Cu?'] = [S*]

SoK,,= [Cu?*][S*] becomes K= [Cu?)?

Step 3 Substitute the value of Koo
(6.3%x10-%) = [Cu?*P

Step 4 Calculate the concentration.
In this case we take the square root of Ko

247 =
[Cu®1=yK,, 12
[Cu*]=V6.3x 1036 =2.5 x 10~ ¥ mol dm-2

The common ion effect is the reduction in the solubility of a dissolved salt achieved by adding a solution
of a compound which has an ion in common with the dissolved salt. This often results in precipitation.

Focus College
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Partition coefficients

s

(organic i
NH; ; ™~ organic

]l T water
NH(aq)

Figure 21.16 Ammonia (the solute) dissolves in both
solvents, water and the organic solvent, A state of dynamic
equilibrium is established.

Focus College

WORKED EXAMPLE

10 100cm? of a 0.100 moldm-3 solution of ammonia in
water at 20 °C was shaken with 50 cm® of an organic
solvent and left in a separating funnel for equilibrium
to be established.

A20.0cm? portion of the aqueous layer was run off
and titrated against 0.200 moldm-3 dilute hydrochloric
acid. The end-point was found to be 9.40 cm? of acid.

What is the partition coefficient of ammonia between
these two solvents at 20°C?

The alkaline ammonia solution is neutralised by dilute
hydrochloric acid:

NH,(aq) + HCl(ag) —> NH,Cl(aq)
1 mole of ammonia reacts with 1 mole of the acid.

In the titration we used:

fod(')% % 0.200 moles of HCI

=1.88x102moles

+94 74 213 6666
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WORKED EXAMPLE (CONTINUED)

This reacts with ammonia in the ratio 1:1 so there
must be 1.88 x 10-* moles of NH, in the 20.0 com®
portion titrated.

Therefore in the 100 cm® aqueous layer there are

35 200
1.88x10 xmmd

=9.40 % 10*mol

The number of moles of ammonia in the organic
layer must be equal to the initial number of moles of
ammania minus the amount left in the aquecus layer
at equilibrium

Initial number of moles of ammonia

100
1000

=0.0100mol
final number of moles of ammonia in organic layer

=0.0100 - 9.40 x 10-*mol
=6.00% 10~*mol
Now we need to change the numbers of moles of
ammaonia in each layer into concentrations (Le. the
number of moles in 1000 cm® or 1 dny’) to substitute
into the equilibrium expression for the partition
coefficent, K_ .
The concentration of ammonia in 100cm* of the
aqueous layer

11000
=940x 10 x 100

=0.094 moldm*

The concentration of ammonia In 50cm? of the organic
solvent

=0.100 x

1000
=6.00%10% > %0

=0.012moldm*
The expression for the partition coefficlent, K_ Is:
A INH,MMI 0.012
pe [Nu,(aq]] = 0.094
=0.128 {no units)
This value is less than 1, which shows us that ammonia
Is more soluble in water than In the organic solvent.

In general for a solute X partitioned between two
solvents A and 8, the equilibrium expression is
given by

]M tAl
Ko ~ [Xisolvent 8]

www.focuscollege.lk
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EXCERSISE

1.

O,

Ethanol has a great number of uses. For industrial purposes, it can be manufactured via the
following reversible reaction.

C2Ha(g) + H20(g) = C;HsOH (g)  AH=-46 kJ mol™
The optimum pressure for this reaction is between 60 and 70 atm.
State and explain the effect, if any, that increasing the overall pressure would have on the
equilibrium yield of ethanol. Use Le Chatelier's principle to explain your answer.
Although Le Chatelier's principle is used to suggest the best conditions for a reaction, often
a compromise has to be made.
i Use Le Chatelier's principle to suggest whether a high or low temperature should be

used to produce the maximum yield of ethanol in the reaction from part (a).

ii. State a problem that may occur from using this temperature.
Ethanol can be used as a reactant in another equilibrium reaction; the manufacture of ethyl
ethanoate.

CH3CH,OH(l) + CH3COOH(l) = CH3sCOOCH,CHs(1) + H,0(l)
Give the expression for the equilibrium constant, K., for this equilibrium.
A student set up the esterification reaction seen in part (c), adding ethanol and ethanoic
acid to a reaction vessel. They set the reaction up in a closed system, at a constant
temperature and allowed equilibrium to be reached.
The reaction was done in a container with a volume of 250 cm?.
Table 1.1 below shows the amount of each substance present in the equilibrium mixture.

Table 1.1
Substance Amount (mol)
CH;CH;0H 0.0375
CHzCOOH 0.0615
CH3COOCH;CHz3 0.0776
H,O 0.0834

i Calculate K. for this reaction to 2 decimal places.
ii. Deduce the units for K.

Ammonia can be manufactured from nitrogen and hydrogen gases in the Haber process. The
equilibrium is shown below.

N2 (g) + 3Ha(g) = 2NH; (g) AH =-91 kJ mol?
Write an expression for Kc for this equilibrium.
A chemist carries out a series of experiments to investigate the conversion of nitrogen and
hydrogen into ammonia under different conditions. The chemist mixes together 10.40 mol
N, and 22.50 mol H, and pressurises the gases so that the total gas volume is 5.00 dm?3. The

Focus College +94 74 213 6666 www.focuscollege.lk
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mixture is allowed to reach equilibrium at constant temperature and without changing the

total gas volume. The equilibrium mixture contains 5.60 mol NHs.

i Calculate Kc at this temperature. Give your answer to three significant figures. Show
your working.

ii. State the units for Kc.

The chemist repeats the experiment several times. In each experiment, the chemist makes

one change. The chemist heats the mixture to a higher temperature at constant pressure.

Explain whether the value of Kc would be greater, smaller or the same.

The chemist increases the pressure of the mixture at constant temperature. Explain whether

the value of Kc would be greater, smaller or the same.

This question is about Brgnsted-Lowry acids and bases.

i Give the meaning of the term Brgnsted-Lowry base.

ii. Explain the term weak acid.

A student titrated 0.10 mol dm™ acid into a conical flask containing 25.0 cm? of 0.1 mol dm
of a base, recording the pH with each addition of acid.

The student repeated the procedure using different combinations of acids and bases.

Identify which curve shown

w X above in Fig. 5.1, is the acid-
13 13 ..
1" 1 base combination for the 15
9 9 following:
pH 7 pH 7 . , .
5 5 i Ammonia and ethanoic
‘:’ f acid.
0 25 50 o 25 50 i. Ammonia and nitric
Volume of acid added (cny) Volume of acid added (cm?) acid
iii. Sodium hydroxide and
Y z ic acid
03 fe i propanoic acid.

9 9
pH 7 pH 7-
5 5

0 25 50 0 25 50
Volume of acid added {cm’) Volume of acid added (cm?)

Fig. 5.1
Identify which indicator given in Table 5.2 would be most suitable for curve Z. Justify your
answer. Table5.2

Indicator pHrange
Methyl orange 31-44
Phenolphthalein 8.3-10.0
Bromothymol biue 6.0-7.6
Water is amphoteric and will react with nitric

acid and ammonia.
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i Write an equation to show how water reacts with ammonia
ii. Explain the term amphoteric.

a. The following dynamic equilibrium was reached at temperature, T, in a closed container.
3A (g) + 2B (g) = 2C (g) AH = - 65 kJ mol?
The value of Kc for the reaction was 255 mol-1 dm3 when the equilibrium mixture contained
3.34 mol of A and 4.28 mol of C.
i. Give the definition of dynamic equilibrium.
ii. Write an expression for K, for the reaction.

b. Calculate the concentration of B in the equilibrium mixture if the volume of the container is
8.00 dm?3. Give your answer to 3 significant figures.

c. Changing the conditions of a closed container can have an effect on the concentrations of
the reactants, products and K.. State the effect, if any, on the concentration of B at
equilibrium if temperature, T, is increased and give a reason for your answer.

d. Calculate the equilibrium constant for the following reaction at temperature, T.

2C(g) = 3A(g) + 2B (g)

a. Astudent carried out some acid-base titrations using different reactants. The indicators and
their pH range are given in Table 3.1.

Table 3.1 16
Indicator pH range
methyl red 42-83
bromothymol blue 60-76

bromocresol green 38-54
phenolphthalein 82-100

In the first titration, they titrated 10.0 cm3 of 0.200 mol dm™ HCl against 0.200 mol dm
agueous ammonia.
Sketch the pH curve that would be obtained from this titration.

b. Using Table 3.1, explain why methyl red is a suitable indicator for the first titration but
phenolphthalein is not.

c. Inasecond titration, the student titrated 25.0 cm3 of 0.200 mol dm3 sodium hydroxide
against 0.100 mol dm-3 ethanoic acid solution.
Sketch the graph that would be obtained for this titration.

d. Using Table 3.1, explain why phenolphthalein is a suitable indicator for the second titration
but methyl orange is not.

e. Explain whether the other two indicators in Table 3.1 are suitable for use in either titration.
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