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— — @ Student Learning Outcomes (SLOs) o-

» Staic ihat pH =-log[H", ] and [H'] = 10(to the power)-pH.

. State that change of one pH unit represents a 10 -fold change in the hydmgen fon
concentration [H'].

» Use the ionic product constant, K_=[H][OH ] = =10 “at298k tu iDhE problems.
» Sketch the pH titration curves of titrauuns using combinations of strong and weak acids
with strong and weak al.kalis. \ . :

T e



Acid-base chemistry is a fundamental aspect of chemical aciencea Itd&scrﬂ:es the cancepts of
acids and bases as well as their mteractions in mums sclutians Acid-base reactions are
essential in various chemical processes, from. hlulng'lcal mtems to industrial applications, and
are often visualized thrnugh pH uf s.q;:[utﬁ:m

TRINE l| LT 4.1 The pH
| N

The pH scale was originally introduced by the Danish biochemist S.P.L. Sorenson in 1909 and

used the symbol of pH. The letter p is derived from the German word potenz meaning power
or exponent of, in this case, 10. In 1909, S.P.L. Sorenson published a paper in Biochem Z in
which he discussed the effect of H' fons on the activity of enzymes. In the paper, he invented
the term pH (purported to mean pond us hydrogen ii in Latin) to describe this effect and defined
it as the —log[H']. In 1924, Sorenson realized that the pH of a solution is a function of the

"activity” of the H" ion and not the concentration. Thus, he published a second paper on the .

subject. A better definition would be.
pH = — log [H*]

where a{H'} denotes the activity(an effective concentration) of the H’ jons. The activity of an
ion is a function of many variables of which concentration is one. Concentration is abbreviated
by using square brackets, e.g., [H;D']ls the concentration of hydronium ion in solution.

Activity is abbreviated by using "a" with curly brackets. =

The concentration of Hydrogen ions in aqueous iolutlm{an be patpressed 1n tenﬂs of the pH
scale, The pH of a solution is the Imﬂthmiolﬁ‘se Tﬂof the iretiprocals of the numerical value

of the hydrogen ion cquﬁt;ahm WS
N F'H l"a oo
Jl II ' = - log [H;0] OR = —log [H]
pH VIILIH nf bases

The concentration of hydroxide ions in a solution can be expressed in terms of pOH. This is
given by:

. l, "I'\-I'.'-

pOH = —log[0H"]
It is possible to write an expression relating pH and pOH as pK.=pH + pOH
At 25°C: _ pH + pOH=14

4.2 The pH Scale

The pH scale is a numerical scale that shows acidic or alkaline strength of solution. The values
on the pH scale go from 0-14 (extremely acidic substances have values of below 1). All acids
have pH values less than 7. The lower the pH, the more acidic the solution is. The h‘sgher the
pH, the more alkaline the solution is.

pH 012 3 456 7.,-,Bﬂ1011121314
, _.I,{H”ﬂ--ﬂ _
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pH is an indication of concentration of H I-‘qr expmpie, lt a pH cf zero the hydronium fon
concentration is one molar, while at pH' 14 the hydroxide ion concentration is one molar.
Typically, the concentrations, ﬂf H"\in waterin most solutions fall between a range of 1 M (pH=0)

and 107 M {pH-Ml}. Fidwa 1.1 depicts the pH scale with common solutions and where they are
on the scate,|| /[

- ‘ |
battery acid o |
v gastric fluid
carbonated
lemaon julce 2 __,..-a-""" beverages
3 vinegar
pure raln (H;O In 4 ::?E Paice
equilibrium with 5 —— coffee
atmospherle COy) -h"""‘---.._____ s egg yolks
milik
freshly distilled wa::r ; blood
seawater
baking soda _..-/ -]

{NaHCD, solution)}

10 milk of magnesia
househald 11 {Mg(OH},) soluton
ammonia (NH,) 12 y o~
household bleach : — oy
[NaCIO solution) 13 e\ e \ li'x IR R
household IYE ___.__.—-—l l"\, i\ -_I\.x__ { I.-- -3 St

(NaOH solution) \ \ A 'n \ '- \ '-. f

Fig 4.1+ ;qu:imﬂrwtrg platdnient“nf them on pH scale
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FindthepHufa solution of 0,002 M of HCL,
Solution
The equation for pH is -log [H"]
[H']=2.0x 107°M
pH = — log[2.0x 10]=2.70

.

,_

Example: 4.2
If moist soil has a pH of 7.84, what is the H" concentration of the soil solution?
Solution

pH = —log[H'] e
7.84= —log[H"] i) (0
H1= .45:{1;1?1.&__ V0=
Hint A . -.~ u-’ 7\ I () i 2
i “‘““‘“W 1“"" take the antilog (often inverse log or 10°) = 1.45 x 10°M

TAA ||] '*-; .
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: Cum:ent Msunmant Eam-rcise 4.1
1. mtisﬂnpﬂufasnluthnoﬂgpurehﬂﬂa per dm’of solution?
2. Calculate I:!L! concentration of hydrogen ion(H") in a solution of sulphuric acid having

\/pH of 1.5.

4.3 lonic Product of Water and Calculation of pH and pOH

Recall that the product of the concentration of H' and OH fons in pure water at room
temperature (298 k).
Kw = [H307][OHT]
Where K, is the ionic product or dissociation constant of water.
Unit of K. is mol®dm™5.

In pure water, the concentration of H*and OH™ fons are equal i.e 1.0 x 107, So, value of K.at
room temperature is 1.0 x 10",

pKuw = -log K
As value of K. is 1.0 x 10™ so pKa = -log 1. axdn*"»—m
The ionic product of waterisrelated 'ltrﬂ'l! dﬁmiathntqm‘tahtsfpﬂamﬂpkhn{ an acid and
its mn]ugatebaserespect]ve-ly 7\ ._; L\ i B
p& px. pl(; - 14{::29!1(1
N \/\VASK pH + pPOH = pK. = 14 (at 298 K)
Thus, ifﬂupl&.wluenfanacidisknown the pKs value of its conjugate base can be found.

(Example: 4.3 E

If the concentration of NaOH in a solution is 2.5 x10~* M, what is the concentration of H;0" fon
at 25 °C?
Solution
Data:

[OH"] =25 x10°* M
We can assume room temperature, so

1.0 x 107"= [H;0"][OH]
to find the concentration of H;0°, solve for the [Hi0°]. —~0
=14 [ =220 L A
[H;a 1% ;; : 11?::‘"—4 \ [
0 1 e, ". : —4 Ox m""m
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l-:mmple' 4.4 SRt
Calculate the qﬂ vatue an 0 tm maldm ? solution of NaOH at 25°C.
Solution -
Data:

[0H~] = 0.001 moldm?

As K, = [Hi0*][OH7]
value of K,at 298 k is 1.0 x 10" mol®*dm™®

1.0 x 107** = [H;0*][0.001]

[H30*) = 22227 — 1.0 x 10-*'mol dm”

pH = —log[H;07]

=—log[l x1071] =11
L pH = —log[ ] s
Calculate the pH of 5.0x 1ﬂ"M ,snlutibn af Sﬁdlun hiﬁro:ide

The equahunflgr prls .
POH = —log [OH]
[OH]=5.0x 107°M
pOH= —log [5.0x 107%] = 4.30
14=PH + pOH
pH= 14— pOH
E pH= 14-4.30 = 9.70

Concept Assessment Exercise 4.2

1. The concentration of hydroxide ion in given solution of slaked lime [CHDH}I} is
0.001M. Calculate the concentartion of hydrogen ion in it.,

2. An aqueous solution contain. 2 x 1ﬂ’ M of h?dmgen iuns [H ) I.'.alculate DOH of this
solution.
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A=A pH Titrahun Curves

In order to determin thq cmﬁantrat{un cf the unknown solution, the technique of titration is
used in netfh'qisati  reactions between acids and alkalis. It involves adding a titrant of known
concentration from a burette into a conical flask containing the analyte of unknown
concentration. An indicator is added which will change colour at the endpoint of the titration.
The endpoint is the point at which equal number of moles of titrant and analyte reacts with
each other. The eguivalence point is halfway the vertical region of the curve.

Equivalence point — moles of alkali = moles of acid

This is also known as the equivalence point, and this is the point at which neutralisation takes
place. There are different types of titration curves depending on the strength of acid or alkalis
used.

a. Strong acid and strong alkali pH titration curve

In this case hydrochloric acid is takenin the conical flask. Initially, there are only H* fons present
in the conical flask (initial pH about 1-2). As the volume of strong alkali (NaOH) added from the
burette increases, the pH of the HCl solution slightly increases too as more and more H' fons
react with the OH" ions from the NaOH to form water. The chartgejnpﬂ ismtﬂw:\rnuch until the
volume added gets close to the equwalence paint.| The pH | surges upwards very steeply.
The equivalence point is the point at’ which all- H' jjons hm been neutralised (therefore pH fs 7
at equivalence point). Mdim more, NaDH Wil increase the pH as now there is an excess in
OH' ions (final pH about 13-114) Flgure4 2 represents the titration curve 1.0 mol dm™ HCL with
NaOH. Hence Zﬁcm’luf titrant (NaOH) is used to neutralise 25 cm’® of HCI,
J| AN

e

Final L.

pH 12
10
pH °
B
4
Initial 2
pH ]
0

Volume of Titrant (cm”)
Fig 4.2: The diagram shows a pH titration curve of 1.0 mel dm? HCL (25 cm’) with NaOH

The pH titration curve for HCl added to a NaOH has the same shape; The initial pH and final pH
are the other way around. The equivalence point is still 7. Fulluwlng figure represents a pH
titration curve when HCL is added fmrn a bumtte into the conical flask containing aqueous
solutionof NaOH. "\ ' (|

% Wl

L %
— | L% i
|
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e I
NN~ 40 Alkaline Region
L
6
4 Equivalence point Acidic Region
0 25cm’

Volume of Titrant (cm®)
Fig 4.3: The diagram shows a pH titration curve of 1.0 mol dm™® NaOH (25 cm’) with HCI

b. Strong acid and weak alkali pH titration curve

Initially, there are only H" ions present in the conical flask (initial pH about 1-2). As the volume
of weak alkali (NH;) added form the burette increases, the pH of the analyte snluthn slightly
increases too as more and more H' fons react with the NH;. m:hargeinplﬂs not that much
until the volume added gets close to the eqmva!eme pnirn:. VAN

Theeq.ﬂvalmpointhnotmutml,hﬁﬂwsduﬂm#s still acidic (pH about 5.5). This is
because all H'huvereact!dwimm-htqfumﬂl-h* which is a relatively strong acid, causing the
solution to be acidic, Ay more of the NH; is added, the pH increases to above 7 but below that

of a strong alkali as NHy i5 a weak alkali. Following figure represents the pH titration curve of
this reaction. -

14
12
Final :

pH 10
pH 8
6
4
Initial 2
pH 0 ‘
u 25-'.1‘11!
Volume of Titrant (cm?)

Fﬁ44'111-d1wshnwslthitmthn cur'unﬂ nm'lm’HCI (Hcm’}with NH;

mwmmmmmmmmmummmmm The initial
mdﬂmlpﬂirethemfiﬁwammd ‘The equivalence point is still about 5.5.
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c. Weak acid and strong. alkah pH titratiun curve

tnitlallyeuwmic [CMNHI. hmdnl initial pH of about 2-3 is taken in the conical flask. As
the volume of -alkali (NaOH) added from the burette increases, the pH of the ethanoic
acidsultntlnhsliglmﬁytmreasestmasmandnmw jons react with the OH" from the NaOH
to form water. The change in pH is not that much until the volume added gets close to the
equivalence point. The pH surges upwards very steeply. The equivalence point is not neutral,
but the solution is slightly basic (pH about 9). This is because all H* in CH;COOH have reacted
with OH™ however, CH;COO™ is a relatively strong base, causing the solution to be basic. As more
of the NaOH is added, the pH increases to about 13-14. Following figure represents the pH
titration curve of this reaction.

Einal 14 1
— [ ——— e e e R, == =
pH 12
10 Equivelonce poit Alkaline Region
DH 8 e e - -
6
4 | Adr.ﬁcﬁm
Im P f——E o = - .L--——-r_—*u-p*-i##y—-lt-r-
F'H zr = \ : =N ; Lt dig
0 = . 20 \y 4\ ¥ >
~1 g\ VLU W 2Saw® — &
=4 AT ) Vn[umd‘ﬁtralﬂﬂﬁan’]

Fig 4. s.ﬂﬁmagmmsm:apHtitratl-uncurveufaweakaddmmamungbm

Thepl-lHura!iibnr.urvefurweaka:idaddedtoastrmgalkalihasﬂﬁesamslupe The initial
and final pH are the other way around. The equivalence point is still about 9.

d. Weak acid and weak alkali pH titration curve

Initially there are only H® fons present in solution from the dissoclation of the weak acid
(CH,COOH, ethanoic acid) (initial pH about 2-3). In these pH titration curves, there is no vertical
region. There is a ‘point of inflexion’ at the equivalence point, The curve does not provide
much other information.

A
14
12
10

Equivalence point

v

o\ )\ o Zﬁm‘
F'I'dli Thdllm:hmwslp!-lﬂmﬁunmnﬂﬂnﬂdm’wﬂkuldﬂim‘}wuhmﬁl!hll
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. In a titration it is fulmd mn is e’ of 0.1 M solution of NaOH is neutralised with 19

ancept Asseﬁsmem Ext-‘rche 4. 3

cm’ of HCl of unkriown concentration. Calculate concentration of a given HCl solution.
AN el 4 MaOH = NaCl + MO

Draw the pH titration curve when 20 cm? of HCl from the burette is added to 20 cm’
of agueous solution of ammonia present in the conical flask.

KEY POINTS

The pH of a solution is the logarithm to base 10 of the reciprocals of the numerical value
of the hydrogen ion concentration.

pH is used to find the relative strength of acidity and alkalinity of the solution,

The pH scale ranges from 0—14. As the pH of a given solution increases basic character
increases and vice versa

The ionic product of water is the product of the concentration of hydrugm 1un and
hydroxide ion. ) ~

L s\ (T L

%

Value of Kw at 25°Cis 1 x 10", o Aoy .' (Ea0=

Titration is a technique used in nmllsattun L&m’:th:ns I:etween acids and alkalis to
determine the conuemm:imof the lunknown solution.

Equivalence Fuirnt s the- poht at which indicator changes its colour and the point at
which n\]-:i.lt;‘atlsamn takes place. H* + OH™ — H;0

References for additional information.

George M. Bodner and harry L. Pardue, Chemistry an Experimantal Science.
Disha Expert- Disha NCERT Xtract errorless objective Chemistry
Chemistry for A level by Francesca

EXERCISE

1. Multiple Choice Questions (MCQs)

il‘

The value of the ionic product of water
a) depends on volume of water b) depends on temperature
c) changes by adding acid or alkali d) always remains constant

A base when dissolved in water yields a solution with a hydmhyl lan curqceh‘tratmn of

0.05 mol dm*. The solution 5 o § Y [ (Bae™
a) Basic a7 .__'_P}'hn:_l;_l_it.'- S U
c) Neutral TS T d) efther bor €

RN
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fii.

vy

vii.

viii.

Unit 4: Acid-base Chemistry

pH scale was ml’.rndu:ed hy* s :
a) Arrhenitu AT ;' ~~  b) Sorensen
d}LewB ] 3V d) Lowry
'.pl-l dﬁmlmm is defined by expression
a) log[H*] b) logf;]
1 1
) tagtai T
The pH of a 10? M HCl solution at 25°C if it is diluted 1000 times, will be
a)l - b) zero
c) 5.98 d) 6.02

Hmmanydm’ufwatermmtbeadﬁedtn1 dm’ an aqueous solution of HCl with a
pH of 1 to create an aqueous solution with pH of 22

a) 0.1 dm’ _ b) 0.9 dm’

c) 2.0 dm’ d) 9.0 dm’

What is the approximate pH of a 1 x 10 M NaOH solution? 5
a)3 b) 11 S\ PO\
)7 ] d}hwn 7o \ o=

Calculate the pOH of a snluﬂm nt Zﬁ't: thah ¢mtaids1u 1n '° p of hydronium ions,
e ot O\ \err |\ &

)40 ¢ "~._ 15 L b) 9.0

Ly d)7.0
: Thepl-lvalunufa 10 M solution of HCL is

a) less than 0 b) equal to 0

c) equal to 1 d) equal to 2

Which of the following has the highest pH?

a) % KoH b) 5 NaOH

)% NH,0H d) 5 Ca(0H),

Which of the following statements are correct?
(i) Kw = [H] [OH] = 10" mol?dm™ at 298K

(ii) At 298K [H*] = [OH] = 107

(iii) Kw does not depend upon temperature

{iv) Molarity of pure water = 55.55 M )
a) (i), (if) and (i) b) (i), () and (iv) -:_;. MR
c) (i) and (iv) Ty d;l [Hi ahd Eﬂll




2, Short Answer Questinns \ \ r7
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ii.

iv.

vi.

Unit 4: Acid-base Chemistry
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Calculate H'ion cmtentmtiun of a mlutiun prepared by dissolving 4 g of NaOH
{Atomic weight of ]Na =) H amu) in1000 cm’ of solution?

Calulate _lfh;ﬂ pH of 0.005 molar solution of HyS0;
Calculate the pH of the following compounds
(i) 10* M KOH (i) 10" M HCL (iii) 10™ M KOH (iv) 107* M HCl

100 cm? of 0.04 M HCL aqueous solution is mixed with 100 em® of 0.02 M NaOH
solution. Calculate the pH of the resulting solution.

Equal volumes of three acid solutions of pH 3, 4 and 5 are mixed in a vessel. What
will be the H® ion concentration in the mixture?

A 20.0 cm? sample of 0.200 mol dm® NHs(aq) was titrated with 0.100 mol dm?HCI.
On the following axes, sketch how the pH changes during this titration. Mark clearly
where the end point occurs.

144
—E ., i
PH ?- ! .-- __: -..I -II" \ '.I"'. \ - I1 II .
Yk e .I_- UL .-
i '-.."Jl-.\l N ﬂ' T T T T T T

volume of added acid/cm’

3. Long Answer Questions

il.

ifi.

Explain the concept of pH and its significance in acid-base chemistry. How does the pH
scale relate to the concentration of hydrogen lons in a solution?

Compare and contrast the titration curves for a strong acid with a strong base, a weak
acid with a strong base, a strong acid with a weak base, and a weak acid with a weak
base.

A 50 cm® solution of 0.1 M acetic acid is titrated with 0.1 M sodium hydroxide. The K, of
acetic acid at 25 °C is 1.8 x 10° mol dm™. Calculate the pH of the solution at the
equivalence point and explain the shape of the titration curve for this reaction.



