2 1 Catalysis

KEY CONCEPTS AND EQUATIONS

CATALYST AND ITS TYPES

A catalyst is defined as a substance which alters the rate of a chemical reaction, itself remaining
chemically unchanged at the reaction. This process is called catalysis. There are two main types of
catalysis:
HOMOGENEOUS CATALYSIS

In homogeneous catalysis, the catalyst isin the same phase asthe reactants and is evenly distributed
throughout. This type of catalysis can occur in gas phase or the liquid (solution) phase.

HETEROGENEOUS CATALYSIS
In heterogeneous catalysis, the catalyst isin a different physical phase from the reactants.

ACTIVATION ENERGY AND CATALYSIS
Activation energy isdefined asthe minimum amount of energy required to cause achemical reaction.
A catalyst lowersthe activation energy of the reaction by providing anew pathway asshowninFig. 21.1.
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ARRHENIUS EQUATION
Arrhenius suggested a simple relationship between the rate constant, k, for a reaction and the
temperature of the system
k= Ae Ea/RT
where E_ is the activation energy, R is the gas constant, T is absolute temperature and A is an
experimentally determined quantity.
Taking natural logarithms, we have

Nk = —== + InA
RT
logk = -t
or ogk = >303RT + log A
If k, and k, are the values of rate constants at temperature T, and T, , we have

|Og£ = Ea [ T2_T1 ]
k, 2.303R T T,
Arrhenius equation is used to calculate the activation energy, E, if the experimental value of rate
constant, k is known.

ADDITIONAL SOLVED PROBLEMS

™ SOLVED PROBLEM 1. In the Arrhenius equation for a certain reaction, the value of A and E_
(activation energy) are4 x 10 sec™ and 98.6 kJmol~ respectively. If the reactionisof first order, at
what temperature will itshalf life period be 10 minutes ?

SOLUTION : (i) To calculatethevalue of rate constant k

Formulaused
0.693

t,

Quantitiesgiven
t, = 10min= 10x 60 sec = 600 sec
Substitution of values
0693

- - 3 el
k = 0%c - 1.155 x 10~ sec

(if) To calculatethetemperature
Formulausd

K = Ae—Ea/RT
Quantitiesgiven

k = 1.155 x 102 sec? R = 8314J E, = 986k
A = 4 x 10°sec? = 986 x 10°J
Substitution of values
3
log (1155 x 10°) = — —288X 107 504 109
2303 x 8314Ix T
_ 20374 = — 299 | 135001
_ 165305 = — 214959

T
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514959
or T = 6535
| = 311.35K
[ SOLVED PROBLEM 2. From the following data for the reaction between A and B
2A — B
A(mol L) B(mol L™ Initial rate at 300 K Initial rateat 320K
25 x 10 30x10° 50 x 10 20x 107
50 x 10 6.0 x 10° 40 x 107 _
1.0 x 107 6.0 x 10°° 1.0 x 1072 _
Calculate the energy of activation and the pre-exponential factor.
SOLUTION : (i) Tocalculaterate constants (k,) at 300K and (k) at 320K
Formulausd
Rate constant = _Rate.
[A1B]
Quantitiesgiven
Rateat 300K = 5.0 x 10 Rateat 320K = 2 x 1073
[A] =25x 10™ [B] =30x 10°
Substitution of values
Rate constant k, at 300K = 5.0 x 107
(2.5 x 10%?x (3.0 x 107°)
= 266 x 10
Rate constant k, at 320K = 2 x 107
(2.5 x 10%?x (3.0 x 107°)
= 1066 x 10°
(i) Tocalculatetheener gy of Activation.
Formulausd
log % - 23§§R [ T2T_TTl]
1 } 12
Quantitiesgiven
k = 2.66 x 108 k, = 1.066 x 10° R = 8.314Jmol* K™
T, = 300K T, = 320K
Substitution of values
log 1.066 x 10° _ Ea 320 — 300
2.66 x 10° 2.303 x 8314 320 x 300
or E - 0.6028 x 2.303 x 8.314 x 320 x 300
a 2
= 55401 x 10*J




(iii) Tocalculatepre-exponential factor

reaction.
SOLUTION : (i) To calculatetherate constant k, at 380 °C
Formulaused

K = 0693
1 t "
Quantity given
t, = 360 min
Substitution of values
0693
kl = 360min

1.925 x 10°min™
(i) Tocalculatetheenergy of activation

Formulaused
log—2 = E, [Tz_Tl]
k, = 23BR [ TT, |
Quantitiesgiven
k, = 6.81 x 102 min™ k, = 1.925 x 108 min™
T2 =450 + 273 = 723K T1 =380 + 273 = 653K
Substitution of values
6.81 x 102 E, 723 — 653
1.925 x 107 2.303 x 8.314 723 % 653
Ea 0
15487 = 5313% 8314 * 723 x 653
or Ea = 200000J = 200kJ
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Formulaused
k = Aegf/RT
logk = log A —Ea
o 09K =0 T S amRT
Quantitiesgiven
k =266 x 10° E, = 55401 x 10%J
R =8314J T = 300K
Substitution of values
log 2.66 x 10° = log A — — 2401 x 10°
2.303 x 8.314 x 300
84249 = logA — 9.6448
or log A = 18.6697
or A = Antilog 18.0697
- = 1175 x 108

SOLVED PROBLEM 3. At 380 °C, the half life period for the first order decomposition of H,O,
is360 min. Therate constant at 450 °Cis6.81 x 102min. Calculate the energy of activation of the

R=28314J
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ADDITIONAL PRACTICE PROBLEMS

1.  For thereaction of hydrogen with iodine, the rate constant is 2.45 x 107*lit mol™ at 302 °C and 0.950 lit
mol~! at 508 °C. Calculate the activation energy and the frequency factor for this reaction.
Answer. 150kJ, 9.93 x 107°lit mol™

2. Therateconstantsfor the decomposition of SO,Cl,, is6.09 x 10°mintat 552.3 K. Calculate the frequency
factor and rate constant at 600 if its activation energy is 210 kJ.
Answer. 442 x 10min™? ; 2.31 x 103 min™?

3. Therate constant for the first order decomposition of ethyl bromide at 800 K and 900 K are 0.0361 and
1.410 sec™* respectively. Calculate the activation energy for the reaction.
Answer. 219 kJ

4. Afirst order reaction is half complete in 30 minutes at 300 K and in 10 minutes at 320 K. Calculate the
reaction rate constant at 300 K and the energy of activation.
Answer. 0.0231 min~t; 43.848 kJ

5. Thespecific reaction rate of areactionis 1 x 102 min? at 300 K and 2x 10 minat 310 K. Calculate the
energy of activation of the reaction.
Answer. 53.6 kJ

6.  Therate constant of afirst order reaction is 6 times the rate constant when the temperature isincreased from
350 K to 410 K. Calculate the energy of activation for the reaction.
Answer. 35.63 kJ

7. Therateconstants of achemical reactionare1 x 102 sec™and 2 x 1073 sectat 30 °C and 40 °C respectively.
Calculate the energy of activation of the reaction.
Answer. 54.658 kJ

8. The decomposition of a compound follows first order kinetics and specific rate constants are 5.5 x 107
sectand 9.2 x 102 sectat 413 K and 458 K respectively. Calculate the energy of activation.
Answer. 2.37 x 10 ca

9.  Cdlculate the activation energy of a reaction for which the rate becomes double when the temperature is
raised from 291 K to 311 K.
Answer. 50.80 kJ

10.  The specific reaction rate for areaction increases by afactor of 4 if the temperature is raised from 27 °C to
47 °C. Calculate the activation energy of the reaction.
Answer. 55.693 kJ



2 2 The Colloids

CHAPTER

KEY CONCEPTS AND EQUATIONS

COLLOIDAL SOLUTIONS

A colloidal solution is an intermediate between true solution and suspension. In colloidal solution
the size of the particle ranges from about 10 A to 2000 A.
LYOPHILLIC AND LYOPHOBIC SOLS

Lyophillic sols are those in which the dispersed phase exhibits a definite affinity for the medium or
the solvent.

Lyophobic sols are those in which the dispersed phase has no attraction for the medium or the
solvent.
GOLD NUMBER

Itisdefined asthe number of milligramsof ahydrophobic colloid that will just prevent the precipitation
of 10 ml of agold sol on the addition of 1 ml of 10 percent sodium chloride solution.
EMULSIONS AND THEIR TYPES

An emulsion may be defined as a dispersion of finely divided liquid droplets in another liquid.
Emulsions are of two types

(i) Oil inwater type (O/W) and  (ii) Water in ail type (W/O)
MACROMOLECULES

Colloidal solutions are formed by aggregation of atoms or moleculesto give particles of colloidal
size. There are substances which are composed of giant molecules and dissolve directly in a solvent to
give colloidal solutions. Such giant molecules are called macromolecul es.
MOLECULAR WEIGHT OF MACROMOLECULES

Two types of average molecular weights have been defined.

(i)  Number average molecular weight

— zZnM
M = iV
n zn

wheren, M. stands for the weight of macrcl)molecules numbering n. and having molecular weight

M.
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(i)  Weight average molecular weight
_ ImM
M =
w m
I
wherem represent the mass of macromolecules having molecular weight M.
These two molecular weights are compared asfollows :
Mo> M

ADDITIONAL SOLVED PROBLEMS

= SOLVED PROBLEM 1. Consider apolymer mixture composed of 5 molecules of molar mass 1 kg
mol~, 5 molecules of molar mass 2 kg mol™, 5 molecules of molar mass 3 kg mol™ and 5 mol ecul es of
molar mass 4 kg mol~. Calculate (i) the number average molecular weight and (ii) weight average
molecular weight.
SOLUTION : (i) To calculatethe number aver age molecular weight
Formulausd
. ZnM ) nM, + nM,+ nM,+ nM,
M, = =n ~ n+ n+n+n,
Quantitiesgiven
— -1 — -1 — -1 _ )
M, = 1kgmol M, = 2kgmol M, = 3kgmol M, = 4kgmol
n =5 n, =5 n, =5 n, =5
Substitution of values
o= Ix5+2x5+ 3x5+ 4x5 kg mol
n 5+5+5+5
5 +10+15+20 K -
= o gmo
= 25kgmol™
(i) Tocalculatetheweight aver agemolecular weight
Formulausd
—_ _ ZmuMi _ W1M1+W2M2+W3M3+W4M4
M, = Tm - m + m+ m +m,
Quantitiesgives
— -1 — -1 — -1 — -1
M, = 1kgmol M, = 2kgmol M, = 3kgmol M, = 4kgmol
m = 1 m, = 2 m, = 3 m, = 4
Substitution of values
W= I1x1+2%x2+3x3+4x4 kg mol
W 1+2+3+4
= 3 kg mol™
10
| = 3 kgmol™
™ SOLVED PROBLEM 2. A sample of polymer contains 10, 20, 30 and 40 percent molecul es of the
polymer with molecular weights 10000, 12000, 14000 and 16000. Cal culate the molefraction of each
type of polymer molecule. Also calculate the number and weight average molecular weights of
the polymer sample.
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SOLUTION : (i) To calculatethe molefraction of each type of polymer
Formulaused
Molefracion X = Number of molecules of type i
i Total number of molecules

Quantitiesgiven
No. of molecules of eachtype = 10, 20,30and40

Total number of molecules = 100
Substitution of values
Molefraction of type A = D = 01
100
. .
Molefraction of typeB = 0 - 0.2
Molefraction of typeC = D = 03
100
Molefraction of typeD = X = 04
100
(i) Tocalculatethenumber aver agemolecular weight
Formulaused
T - nM
" n
Quantitiesgiven
n =01 n, = 0.2 n, =03 n, = 04
M, = 10000 M, = 12000 M, = 14000 M, = 16000
Substitution of values
— _ 0.1x1000 +0.2x 12000 + 0.3x 14000 + 0.4x 16000
M, = 0.1+ 0.2+ 0.3+04
= 1000 + 2400 + 4200 + 6400
= 14000
(iif) Tocalculatetheweight averagemolecular weight.
Formulaused
— X M?
Mo = M,
_ 0.1x(10000)? + 0.2x (12000)* + 0.3x (14000) + 0.4 x (16000)*
- 14000
_ 10" + 2.88 x 10" + 5.88 x 10’ + 10.24 x 10’
- 14000
20 x 107
= 14000
= 14286
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ADDITIONAL PRACTICE PROBLEMS

1 The following distribution of molecular weights has been found in a polymer sample

n 5 10 10 10 20 5 5

M, 1000 2000 5000 10000 12000 15000 20000
Calculate the number average weight of the polymer.
Answer. 19461

2. A sample of polymer contain 5, 25, 40, and 30 percent molecules of the polymer with molecular weights
5000, 6000, 7000, and 8000. What is the mole fraction of each type of polymer ? Also cal culate the number
average molecular weight of polymer sample.

Answer. 0.05, 0.025, 0.40and 0.3; 6950

3. A sample of polymer contains 100 molecules having molecular weight 10° each and 200 molecules with
molecular weight 10* each and 200 molecul eswith molecular weight 10° each, Calculatethe number average
and weight average molecular weight.

Answer. 44000, 91000

4. Calculate the weight average molecular weight of a polymer containing equal number of particles with
mol ecular weights 5000 and 10000.

Answer. 8333

5. Calculate number average molecular weight of agiven sample of apolymer having 1000 molecules of 5000,
500 molecules of 4000 and 200 molecules of 3000 molecular weights.

Answer. 4470

6. A suspension contains equal masses of particles with molecular weight 20,000 and 40,000. Calculate
number and weight average molecular weights of the suspension.

Answer. 26,667 and 30,000

7. There are two polymers A and B. A consists of equal number of molecular masses 10,000 and 30,000. B
consists of equal number of molecular masses 15,000 and 35,000. Calculate the number average and mass
average molecular massfor each polymer.

Answer. 20,000 and 25,000 ; 25,000 and 29,000

8. A sample of polymer contains 0.5 mole fraction with molecular weight 100,000 and 0.5 mole fraction with
molecular weight 200,000. Cal culate the average molecular weight of the polymer.

Answer. 150,000 and 166,667

9. Calculate the number average molecular weight of asample of nylon having 1000 molecules of 5000 ; 2000
molecules of 6000 and 4000 molecules of 1000 molecular weight.

Answer. 3000

10. Caculateweight average molecular weight of asample containing equal number of particleswith molecular
weight 10,000 and 20,000.

Answer. 16667



2 3 Adsorption

KEY CONCEPTS AND EQUATIONS

ADSORPTION

The phenomenon of concentration of molecules of a gas or liquid at a solid surface is caled
adsorption.
PHYSICAL ADSORPTION

It is due to the gas molecules being held to the solid surface by vander Waal's attractive forces.
CHEMICAL ADSORPTION

It is due to the gas molecules being held to the solid surface by chemical bonds.
ADSORPTION ISOTHERMS

The relationship between the equilibrium pressure and its amount absorbed on the solid absorbent
at any constant temperature is called an Adsorption Isotherm.
FREUNDLICH ADSORPTION ISOTHERM

The relation between the amount of gas adsorbed and its pressure is

wim = kp "

where w is the mass of the gas adsorbed on a mass m of adsorbent at a pressure p, k and n are
constants depending upon the nature of the gas and adsorbent and on temperature.
LANGMUIR ADSORPTION ISOTHERM

The relation between the amount of gas adsorbed and its pressure is also given by

KP

1+KP
where K ' is a constant, K is adsorption constant and P is the pressure of the gas.
Langmuir adsorption isotherm holds good at low pressures but fails at high pressures.

ADDITIONAL SOLVED PROBLEMS

SOLVED PROBLEM 1. 2.5 g of oxygenisadsorbed on 1.5 g of metal powder at 27 °C and 0.7 atm.
Express the mass, number of moles and volume of oxygen at 27 °C, 0.7 atm and at NTP adsorbed per
gram of the adsorbent.

Xx = K'
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SOLUTION :
Mass of adsorbate 25¢g
Mass of adsorbate = 1.5¢g

25
Mass of adsorbate per gram of adsorbent = 1—53 = 167
167
Number of molesof adsorbate per gram of adsorbent = ? = 0.052
0.052 x 82 x 300
Volumeof 1.67gof O, a 27°Cand0.7am = 07
= 18274 ml
0.052 x 82 x 273
Volumeof 1.67gof O,at 273K and1latm = 07
= 1662.9ml

SOLVED PROBLEM 2. The adsorption of a gas on a metal powder obeys Langmuir equation.
Thefollowing experimental results have been obtained.
p (torr) 1 5 10 0 70 150
x/m 0.75 1.50 171 1.89 1.95 1.98
Determine the parameters a and b of the Langmuir equation.

SOLUTION : (i) To calculate the value of m/x and 1/p.

nyx 1333 0.666 0585 0.529 0513 0.505
Up(torr? 1 0.2 01 0.033 0014 0.0066
On plotting nVx against 1/ p, we get a straight line whose slope is 0.83 torr and intercept = 0.5.

(i) Tocalculatethevalueof aandb
Thus 1/a = 0.83torr  or a
b/a =05 and b

1.2torr™
0.6torr™

ADDITIONAL PRACTICE PROBLEMS

1 4 g of asubstance absorbs 87.5 ml of O, at 450 torr at 37 °C. Calculate x/min mol per gram.
Answer. 5.265 x 10#mol g*

2. 100 ml of 0.3 M acetic acid is shaken with 0.8 g of wood charcoal. The final concentration of the solution
after adsorption is 0.125 M. Calculate the weight of acetic acid adsorbed per gram of carbon.

Answer. 1.31g

3. Five grams of acatalyst absorb 400 cm® of N, at STPto form amonolayer. What isthe surface area per gram
if the area occupied by amolecule of N, is 1BA.

Answer. 344m? gt

4. Charcoal absorbs a solute from its agueous solution and obeys the Freundlich isotherm. The following data

were obtained :
EquilibriumConc x 10°M 2.0 4.0 6.0 8.0
xim 0.185 0.290 0.364 0.428

Determine the values of k and n.
Answer. k = 206; n = 0.616
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Four gram of agasis adsorbed on 1.5 g of metal powder at 300 K and 0.7 atm. Calculate the volume of the
gas at STP adsorbed per gram of adsorbent.
Answer. 20525 m

10.0 g of oxygenisadsorbed on 2.5 g of metal powder at 273 K and 1 atm pressure. Cal culate the volume of
the gas adsorbed per gram of adsorbent.

Answer. 2798.25 ml

For an adsorbent — adsorbate system obeying the Langmuir adsorption isotherm, a = 0.48
bartand b = 0.16 bar™. At what pressure will 50 % of the surface be covered ?

Answer. 1.25 bar



2 4 Electrolysis and
Electrical Conductance

CHAPTER

KEY CONCEPTS AND EQUATIONS

ELECTROLYSIS AND ELECTRICAL UNITS

The phenomenon of decomposition of an electrolyte by passing electric current through its solution
is called Electrolysis. On passing electric current the ions move towards the oppositely charged
electrodes where they get discharged either by losing electron or by gaining electrons. As a result of
this chemical reaction takes place.
Coulomb

It isaunit of quantity of electricity. When 1 ampere current is passed for one second, the quantity
of electricity iscalled one coulomb.
Ampere

It isaunit rate of flow of electicity. It isthat current which will deposit 0.00118 g of silver in one
second.
FARADAY'S LAWS OF ELECTROLYSIS
Firstlaw

The amount of a given substance liberated at an electrode during electrolysis is directly propor-
tional to the quantity of electricity which passes through the electrolyte solution i.e.

m o Q
or m o | x t [+ Q=1Ixt]
or m = 2Z x | xt

wherem isthe mass of substance deposited in grams, | the strength of current in amperes, t the
time in seconds for which the current has been passed and Z is a constant called Electrochemical
equivalent.

If | = 1ampere, t = 1 second, then

m=2Z

Thus the electrochemical equivalent is the amount of a substance deposited by 1 ampere current
passing for 1 second (i.e. one coulomb). The quantity of electricity required to liberate one gram
equivalent of a substanceis called Faraday, denoted by F and 1 F = 96500 coulombs.

283
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Second law

When the same quantity of electricity passesthrough solution of different electrolytes, the amounts
of substancesliberated at the el ectrodes are directly proportional to their chemical equivalents (equiva
lent weight). i.e.

mass of substances A deposited Eqg.Wit. of substance A

mass of substances B deposited ~  Eq. Wt. of substance B

CONDUCTANCE OF ELECTROLYTES

The solution of electrolytes conduct electricity by the movement of ions to oppositely charged
electrodes on passing electric current. The power of electrolytesto conduct electrical current iscalled
conductivity or conductance. Electrolytes obey Ohm’slaw like metallic conductors. According to this
law, the current | flowing through ametallic conductor is given by

where E isthe potential difference at two ends and R is the resistance measured in ohms (€2). The
resistance of a conductor is proportional to itslength, |, and inversely proportional to its area of cross-
section, A. That is

I
R o< Y |
or R = px™Q
wherep “rho” isaconstant of proportionality and is called resistivity or specific resistance. We can
alsowrite
p = R % lA
If I=1cm, A=1lsgcm then
p =R
Thus the specific resistance of a conductor is the reistance in ohms which one centimeter cube of
it offers to the passage of electricity.

Specific conductanceand itsunits

The reciprocal of specific resistance is called specific conductance or specific conductivity. It is
defined as the conductance of one centimeter cube of a solution of an electrolyte. It is denoted by x
(Kappa). The

L1 1
=5 TR A
- w T — ohmem
ohm cm?

Equivalent conductanceanditsunits

It is the conductance of an electrolyte by dissolving one gram-equivaent of it in V. cm?®of water. It
is denoted by A. It is equal to the product of the specific conductance k and the volume in cm?®
containing 1 gram-equivalent of the electrolyte at the dilution V. Thus
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A = xxV
If an electrolyte contains N grams equivalents in 1000 cm? of the solution, the volume containing
| g-equivalent will be 1000 N. Thus
K %1000

N
X

A =
K
_ 1 R
_EX x V .K—RX
1 an cm

ohm o g equt

><J>|—<

= ohm?com? gegvt™
Molar conductanceand itsunits
The conductance of al ions produced by one mole of an electrolyte when dissolved in a certain
volume V cm?® It isdenoted by p and is given by
p = x x V
where V isthe volume of the solution in cm?® containing 1 mole of the electrolyte.

I TP R S
u —?X A X JK = RX A

1 an cm®

= om S o S o

ohm= cm?mol =

Degree of Dissociation
The degree of dissociation of aweak electrolyte is given by the conductanceratio i.e.

o = -
A
where A isthe equiva ent conductance at agiven concentration and A_ isthe equivalent conductance
at zero concentration (infinite dilution).

Cell constant and its units

Theratiol / aiscalled the cell constant i.e.

cell constant = L
a
an 1
= > = cm
cm
The cell constant is related in the specific conductance by the relation
K = % x cell constant
Specific conductance
or cell constant =

Observed conductance

ADDITIONAL SOLVED PROBLEMS

SOLVED PROBLEM 1. 0.5 normal solution of a salt placed between two platinum electrodes,
20 cmapart and of area of cross- section 4.0 sq cm has a resistance of 25 ohms. Calculate the
equivalent conductance of the solution.
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SOLUTION : (i) To calculate specific conductance

Formulaused | |
. TR 7
Quantitiesgiven
R = 250hms | =20cm a=4.0sgcm
Substitution of values
1 20cm
KX =

25ohms 4.0sgcm

= 0.2 ohm*cm™

(i) Tocalculateequivalent conductance

Formulaused
K x 1000
N

Equivalent conductance

Quantitiesgiven

K = 0.2ohm?cm? N = 0.5equt
Substitution of values
0.2 ohm™em? x 1000 cm?®

0.5eqvt
= 400ohm™cm?equt™

SOLVED PROBLEM 2. Theresistance of N/10 solution isfound to be 2.5 x 10° ohms. Calculatethe
equivalent conductance of the solution. Cell constant = 1.15 cm™

Equivalent conductance =

SOLUTION : To calculate specific conductance
Formulausd

I
— X
R cell constant

A
I

Quantitiesgiven
R = 2.5x10°ohms cell constant = 1.15cm™
Substitution of values

1
K = — 1.15cm™
25x10°0hm | cm

= 4.60x10* ohm™cm™
(i) Tocalculateequivalent conductance

Formulaused
k x 1000

N

Equivalent conductance
Quantitiesgiven
kK = 4.60 x 10*ohm™cm™ N = 0.1equt™
Substitution of values
4.60x 10* ohm™ cm™ x 1000 cm?®
0.1 egut?
= 4.60ohm?cm?equt™

Equivalent conductance
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SOLVED PROBLEM 3. Inaparticular cell, 0.01M solution of KCI gavearesistance of 15.0 ohm at
298 K while 0.01 M solution of HCI gave aresistance of 51.4 ohm at the same temperature. If the
specific conductance of 0.01 M KCl is0.1409 Sm™ at 280 K, calculate the cell constant, specific
conductance and equivalent conductance of the HCI solution.
SOLUTION: (i) To calculate cell constant

Formulaused - )
Foecific conductance of KCl solution

Cell constant = Observed conductance of KCI solution
Quantitiesgiven
Specific conductanceof KCI = 0.1409sm™*
— 1 — 1 -1
_Obéerved conductance of KCl = Ressance. - 15ohm 0.667 ohm
Substitution of values
__02409sm?* a
Cell constant 0.0667 o - 211 cm
(ii) To calculatethe specific conductanceof 0.01M HCI

Formulaused
Specific conductance = I—R x cell constant
Quantitiesgiven
R = 51.40hm cell constant = 2.11 cm™
Substitution of values

. _ 1 1 2 -1 -l
Specific conductance = Slaomm * 211cm™ = 4.10x 10 ohm™cm
(iii) To calculatethe equivalent conductanceof 0.01M HCI
Formulausd
. Foecific conductance x 1000
Equivalent Conductance = N

Quantitiesgiven
Specific Conductance = 4.10 x 1072 N = 0.01 eqvt
Substitution of values
4.10x 10 x 1000cm®
0.01 egvt

- 41 ohmcm2equt™
~ SOLVED PROBLEM 4. The specific conductance of N/5 KCI solution at 25 °C is 0.002780 mho.
The resistance of the cell containing this solution is 500 ohm. Calculate the cell constant.

SOLUTION :

Formulausd

Equivaent conductance =

ecific conductance L x cell constant
R

or Cell constant = Specific conductance x Resistance
Quantitiesgiven
Specific conductance = 0.002780 mho R=5000hm
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Substitution of values

Cell constant = 0.002780 mho x 500 ohm
- = 1.39
" SOLVED PROBLEM 5. If the equivalent conductance at infinite dilution of NaCl, HCI and

CH,COONaare 126.45, 426.16 and 91.0 ohm™ respectively, find the equivalent conductance of acetic
acid at infinite dilution.

SOLUTION :
Formulaused
XW(CHSCOOH) = A_(HC) + XX(CHSCOONa) —A_(NaCl)
Quantitiesgiven
A_(HCI) =426.16 ohm? A (CH,COONa)=91.0 ohm™

A_(NaCl)=12.6.45 ohm™
Substitution of values

A (CH,COOH) 426.16 ohm™ + 91.0 ohm™ — 126.45 ohm*

390.71 ohm™

SOLVED PROBLEM 6. The equivalent conductance of ammonium chloride at infinite dilution is

149.7;; for sodium hydroxideit is 247.8 mho; and for sodium chlorideis 126.45 mho at 25°C. Calculate
the eguivalent conductance at the same temperature.
SOLUTION :

Formulaused

A_(NH,OH) =2A_(NH/CI) + A _(NaOH) — &_(NaCl)
Quantitiesgiven

A (NH 4CI) = 149.7 mho A_(NaOH) = 247.8mho
Substitution of values

A_NaCl = 126.45mho

A_(NH 4OH) = 149.7 mho + 247.8 mho — 126.45 mho
L = 271.05mho

™ SOLVED PROBLEM 7. The resistance of a0.5 N solution of an electrolyte occupying a volume

between two platinum electrodes which are 1.72 cm apart and have an area of 4.5 sq cm is 25 ohms.
Calculate the equivalent conductance of the solution.

SOLUTION: (i) To calculate specific conductance

Formulausd
Specific conductance = lﬁ X [T
Quantitiesgiven
R = 250hm | =1.72cm a=45sgcm
Substitution of values
Specific conductance = | l.72cm

250hm 45sgcm

= 0.015289 chmcm™
(i) Tocalculateequivalent conductance

Formulaused

Soecific conductance x 1000
N

Equivalent conductance =
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Quantitiesgiven
ecific conductance = 0. ohm~cm™ =0.
ifi d 0.15289 ohm*cm N=0.5equt

Substitution of values
0.015289 ohm cm™ x 1000 cm?®

0.5 egut
e = 30.57 ohm cm?equt™
~  SOLVED PROBLEM 8. Following results were obtained by conductance measurements of
potassium sul phate using the cell with cell constant 0.2281. The observed conductance of potassium
sulphate solution is 3 x 10~ mhos. The equivalent conductance of potassium sulphate solution is
140 mho cm?. Cal culate the concentration of potassium sulphate solution..

SOLUTION : (i) To calculatethe specific conductance

Formulausd

Equivalent conductance =

Foecific conductance

Cell constant Observed conductance

Quantitiesgiven
Cell constant = 0.2281 Observed conductance = 3 x 10~ mhos

Substitution of values -
Foecific conductance

0.2281
3x10°mho
or Specific Conductance = 3x 10°mhox 0.2281
= 0.6843x 10°mho
(ii) To calculate concentration of the potassium sulphate solution

Formulaused
Foecific conductance x 1000

N

Equivalent conductance =
Quantitiesgiven
Specific conductance = 0.6843 x 10° mho Equivalent conductance = 140 mhos cm?
Substitution of values

0.6843 x 10~ mho x 1000 cm®
2 e -
140 mhoscm“egvt™ = N
0.6843x 107 x 1000
or N = 0 egvt
- = 0.00488 eqvt

SOLVED PROBLEM 9. 0.1 N solution of sodium acetate was placed between two electrodes
which were 0.72 cm apart and each has a cross-section 2.25 cm? The resistance of solution was 52.40
ohms. Find the specific and equivalent conductance.

SOLUTION : (i) To calculatethe specific conductance

Formulaused
- | |
Specific conductance = R X =3
Quantitiesgiven
R = 52.40 ohm | =0.72cm a=225cm?
Substitution of values
1 0.72cm

0.0061 ohm™cm™

Specific conductance =

52400hm < 225cm2
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(i) Tocalculatetheequivalent conductance
Formulausd

Equivaent conductance =
Quantitiesgiven
Specific conductance = 0.0061 ohm™ cm™ N = 0.1eqvt
Substitution of values

Equivalent conductance =

Soecific conductance x 1000
N

0.0061 ohm™ cm* x 1000 cm®
0.1 eqvt
L = 61lohm~cm’equt™
™ SOLVED PROBLEM 10. 0.5 N NaCl is placed between two electrodes 1.5 cm apart and having an
area of each 3.0 sg cm offered aresistance of 25.0 ohms. Calculate the equivalent conductance.
SOLUTION:: (i) To calculate the specific conductance
Formulausd

I
Specific conductance = LR X =
Quantitiesgiven
R = 25.0o0hm | =15cm a=30sgcm

Substitution of values
1 15cm

25000m < 30am
0.020 ohm™*cm™

Specific conductance

(i) Tocalculatetheequivalent conductance

Formulaused

Soecific conductance x 1000
N

Equivaent conductance =
Quantitiesgiven
ecific conductance = 0.020 ohm~tcm™ N=0.5equt
eqv
Substituting of values

. 0.020ohm™ecm™ x 1000cm?®
Equivalent conductance

0.5eqvt
40 onmcm? equt™

SOLVED PROBLEM 11. A conductance cell when filled with 0.05 solution of KCI records a
resistance of 410.5 ohm at 25 °C. When filled with calcium chloride solution (11g CaCl,,in 500 ml) it
records 990 ohms. If the specific conductance of 0.05M K Cl solutionis0.00189 mho cm™, calculate (i)
the cell constant, (i) specific conductance (iii) molecular conductance of CaCl,,

SOLUTION: (i) To calculatethecell constant
Formulaused

Soecific conductance

Cell constant Observed conductance

Quantitiesgiven
Specific conductance = 0.00189 mho cm™

I
Observed conductance = —- 1

Dser R ~ 21050hm
Substitution of values 0.00189 mh 1
) mhocm™  _ -1
Cell constant = == 050hm - O-7798¢cm
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(ii) To calcul ate specific conductance of CaCl,, Solution
Formulausd

Specific conductance = % x cell constant
Quantitiesgiven
R = 9900hm cell constant = 0.7758 cm™
Substitution of values
1
990 0hm

0.000784 ohm™ cm™

Specific conductance x 0.7758 cm?

(iii) Tocalculatemolar conductanceof CaCl,,

Formulausd
K %1000
Molar conductance, n = ™
Quantitiesgiven
229
x = 0.000784 ohm™ cm™ M = ————— =0.198mol
111 gmol

Substitution of values
_0.000784 ohm™cm™ x 1000 cm®
Ho= 0.198mol

3.95o0hm™cm?mol™
SOLVED PROBLEM 12. Fromthefollowing detacal cul ate the equiva ent conductance (A ) for NH,OH

BaOH),; A, = 2283mhos
BaCI2 ; A, = 1203 mhos
NHC 5 A, = 129.8mhos
SOLUTION :
Formulaused
A, NH,OH) = A/ (BaOH),) + 2 x A (NH,CI) — A, (BaCl,)

Quantitiesgiven
A [BaOH),] = 228.3mhos A,(NH,CI) =1298mhos A (BaCl,) = 120.3mhos
Substituting of values

A,(NH,OH) = 2283+2x129.8-120.3
= 488.4-120.3
L = 367.4mhos

SOLVED PROBLEM 13. Theresistance of aN/100 Solution of an €l ectrolyte was found to be 210
ohm at 25 °C. Calculate the equivalent conductance of the solution at 25 °C. (Cell constant = 0.88)
SOLUTION : (i) To calculatethe specific conductance

Formulaused

K = LR x Cell constant

Quantitiesgiven
R = 210o0hm cell constant = 0.88 cm™
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Substitution of values
_ | 1
K = >100hm x 0.88cm
= 0.004190 ohm™cm™

(i) Tocalculatetheequivalent conductance

Formulaused
Equivalent conductance = %
Quantitiesgiven
x = 0.004190 ohmom* N = 2> eqvt = 00Leqwt

Substitution of values
0.004190 ohm™em™ x 1000cm®

0.01 egvt
- = 419 ohm™ cm? equt™
™ SOLVED PROBLEM 14. A conductance cell had aresistance of 165 ohms when filled with 0.02
molar KCl solution at 25 °C. For such solution specific conductanceis0.00277 mho cmit. Thesame cell
filled with 0.01 molar NaCl had aresistance of 384 ohms. Cal cul ate specific conductance and equivalent
conductance of solution.

SOLUTION: (i) Tocalculatethecell constant.

Formulausd

Equivalent conductance =

Soecific conductance

Cell constant = Observed conductance

Quantitiesgiven
Specific conductance = 0.00277 mho cm
1

- _ 4
Observed conductance = R - 16Bohm - 0.006061 ohm

Substitution of values )
0.00277 mhocm™
Cell constant = — = 0.4570cm™
0.006061 ohm
(i) To calculatethe specific conductance of NaCl solution

Formulaused

R x cell constant
Quantitiesgiven
R = 3840hms cell constant = 0.4570cm™

Substitution of values
1
3840hm
0.001190 ohm™em™
= 1.190 x 102 ohm=em™
(iii) To calculatethe equivalent conductance of 0.01M NaCl solution
Formulausd

x 0.4570 cm™

Soecific conductance x 1000
N

Equivalent conductance =
Quantitiesgiven
Specific conductance = 1.190 x 10° ohm™cm™ N =001M = 0.01eqvt
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Substitution of values
1.190 x 103ohm™*em™ x 1000 cm?

0.0L eqvt
119 ohmem~2equt™

~  SOLVED PROBLEM 15. The conductance of N/10 AgNO, solution taken in acell with cell constant
0.9555 cm* is0.0099 ohm™. Calculate (i) specific conductance (i) equivalent conductance
SOLUTION: (i) To calculate specific conductance
Formulausd

Equivalent conductance

K = LR x Cdll constant

Quantitiesgiven
I

R = 0.00%9 ohm™ cell constant = 0.9555cm™

Substitution of values
K = 0.0099 ohmx0.9555cm™
= 0.00946 ohm?cm™
(ii) Tocalculateequivalent conductance

Formulaused
F. conductance x 1000

N

Equivalent conductance =
Quantitiesgiven
Sp. conductance = 0.00946 ohm~tcm™ N = 1/10 = 0.1lequt

Substitution of values

_ 0.00946 ochm™cm™ x 1000 cm®
Equivalent conductance = 0.Lequt

- = 94.6ohm~cm?%equt
SOLVED PROBLEM 16. Theresistance of acell containing 0.02 M KCl wasfound to be 175 ohms.
The specific conductance of thissolutionis 27.7 x 10 ochm™ cm™ at 25°C. An exactly 0.1M solution
of another substancein the same cell had aresistance of 579 ohms. Cal cul ate the equival ent conductance
of this substance.
SOLUTION : (i) To calculatethe cell constant

Formulaused
Foecific conductance

Cell constant = Observed conductance
Quantitiesgiven
Specific conductance = 27.7x 10%ohm~cm™
- _ 1 1
(_)bs_erved conductance = R = T7Bom 0.005714 ohm
Substitution of values
27.7 x 10 ohmtcm™ .
Cell constant = . = 0.4847 cm™
0.005714 ohm™
(ii) To calculatethe specific conductance of thesubstance
Formulaused
K = L x Cell constant

R
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Quantitiesgiven
R = 5790ohms cell constant = 0.4847 cm™

Substitution of values
0.4847cm™

= — = 11
K = 5790hm 0.000837 ohm—cm
(iii) Tocalculatetheequivalent conductanceof the substance
Formulaused
: 1000
Equivalent conductance = %

Quantitiesgiven
x = 0.000837 ohmtcm™ N = 0.01eqvt
Substitution of values
0.000837 x 1000cm®
0.01 egvt
83.7 ohm™cm= equt*
SOLVED PROBLEM 17. The specific conductance of N/50 K Cl solution is0.002765 ohm*cm™ at
25°C. If theresistance of the solution contained in the cell is 1000 ohms, calcul ate the cell constant.
SOLUTION :
Formulaused

Equivalent conductance

Soecific conductance

Call constant Observed conductance

Quantitiesgiven

Specific conductance 0.002765 ohm™ cm™

Observed conductance = —5 = ————— = 0.01 ohm™

Substitution of values
0.002765 ohm™ cm™

0.001 ohm*
0.2765 cm™
SOLVED PROBLEM 18. Find specific conductivity of the solution if 0.5 M solution of a salt
occupying avolume between two Pt electrodes 1.72 cm apart and of area 4.5 sq cm has aresistance
of 15ohms.
SOLUTION :
Formulaused

Cell constant

| I
R X7
Quantitiesgiven
R = 150hm | = 172cm a = 45cm?
Substitution of values
1 1.72cm

= Bohm * 2507

0.02548 ohm=tcm™

SOLVED PROBLEM 19. What will be the degree of ionisation of N/1000 acetic acid solution
if its equivalent conductivity is 50 mhos and the value of equivalent conductivity at infinite
dilution is 350 mhos ?
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SOLUTION :
Formulaused

Quantitiesgiven
A, = 350 mhos A = 50mhos
Substitution of values

50 mhos
3B0mhos 0.142857

— SOLVED PROBLEM 20. Resistance of 0.01 M aqueous solution of an electrolyte at room
temperature is 420 ohm and cell constant is 0.84 cm™ Cal cul ate the molar conductance.

SOLUTION : (i) To calculatethe specific conductance

Formulausd

o

K = LR x Céll constant

Quantitiesgiven
R = 420 ohm™ cell constant = 0.84cm™
Subsitution of values

1
e — —1
K = oo = 0.84cm

= 0.002ohmem™
(i) Tocalculatethemolar conductance
Formulausd
Foecific conductance x 1000
Molarity

Molar conductance, u =

Quantitiesgiven
Specific conductance = 0.002 ohmem™ Molarity = 0.01M

Substitution of values
0.002 ohm™cm™ x 1000 cm?®

Ho= 0.01M
| = 200 ohm™cm?mol™
™~ SOLVED PROBLEM 21. The equivalent conductance at infinitedilution (A ) of HCI, CH,COONa
and NaCl are 426.16, 91.0 and 126.45 ohm"cm’g eqvt ™ respectively. Calculate A, of acetic acid.
SOLUTION :
Formulausd

A,(CH,COOH) = A, (CH,COONa) + A (HCI) — A, (NaCl)
Quantitiesgiven

— 12 -1
A,(CH,COONg) = 91.0ohm crln g 2eqvt 1
A, (HCI) = 426.16 ohmcm” g equt
— 12 -1
A, (NaCl) = 126.45 ohmcm”gequt
Subsitution of values
A,(CH,COOH) = 91.0+ 426.16-126.45 ohm=cm?gequt™

390.71 ohm~cm?g equt™
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SOLVED PROBLEM 22. Calculatethe quantity of electricity that would be required to reduce 12.3
g nitrobenzeneto aniline, if the current efficiency for the processis 50%. If the potential drop across
the cell is 3.0 volts, how much energy will be consumed ?
SOLUTION : (i) To calculatethequantity of electricity

Thereaction is
CHNO, + 6H" + 66 —— CHNH, + 2H0
123 g 69
Hydrogen required for the reduction of 123g of CH.NO, = 6g
6 12.3
and Hydrogen required for the reduction of 12.3gof CHNO, = %gg = 069
1 gof Hydrogen = 96500 coulombs
96500 coulomb x 0.69
0.6 gof Hydrogen = 109
= 57900 coulombs
The quantity of electricity required for the reaction
57900 OOlélgmbX 100 [+ current efficiency = 50%)]
= 115800 coulombs

(i) Tocalculatetheener gy consumed
Total energy consumed 3volts x 115800 coulombs

347400J [ volt x coulomb=1]]

- = 347.4KkJ

SOLVED PROBLEM 23. An aqueous solution of NaCl on electrolysis gives H Cl

, an
_ _ 20" 720
NaOH @) according to the reaction.

2CI_(’s‘ﬁ) * 2H20(|) 20H" (a0) * HZ(Q) * CI2(9)

A direct current of 25 ampereswith acurrent efficiency of 62% is passed through 20% litres of NaCl
solution (20% by weight). How long will it take to produce 1 Kg of Cl,,?What will be the molarity of
solution with respect to hydroxide ion ? (Assuming no loss due to evaporation).

SOLUTION : (i) To calculatetimeto produce 1 kg of Cl,

d

Formulaused E

= ZEx I x t whereZ = 9550
or o m = S&m X I x t
Quantitiesgiven

25 62
m = 10009 E = 355¢g | = %:EBamp
Substitution of values
1000g = 3559 x 1565 x t
96500

or t = 1000x 96500

~ 355x155

= 175374 sec

= 487l1hrs
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(i) Tocalculatethemolarity of solution with respect to OH™ions.
1009
71gmol™
Amount of OH™ released during thereaction = 2 x 1.4085moles
= 2817moles [ Cl, = 20H]
2.817moles
20litres
0.14085 M
SOLVED PROBLEM 24. Chromium metal can be plated out from an acidic solution containing
CrO, according to the following equation :
CrOa(aq) + 6H+(aq) + 66 —— Cr(s) + 3H0
Calculate (i) how many gramsof chromiumwill be plated out by 24,000 coulombsand (ii) how long will
it taketo plate out 1.5 g of chromium by using 12.5 ampere current ?
SOLUTION : (i) To calculatetheamount of chromium that will beplated out
The reaction is

= 1.4085 moles

No of molesof Cl,, produced

Molarity of solutionw.r.t. OHions =

+ -
CrOa(aq)+ 6H @ 6e —— Cr(s) + 3H,0
52g of Cr

6 Faradays
6 x 96500 coulombs
Thus 6x 96500 coulomb of electricity produce Cr = 529

- _ 529
1 coulomb of electricity produce Cr = 65 96500 collomb
24000 coulombs of electricity produceCr = 5292 coulomb
vp ~ 6x96500 coulomb
= 2155444
(if) Tocalculatethetimeto plateout 1.5 g of chromium by using 12.5 amperecurrent
Formulausd
m=2Z x | xt
52
where Z = — [ Eqwt of Cr =52]
6% 96500
Quantitiesgiven
52
m= 15 Z = —— | = 12.5amp.
9 6x96500 © P
Substitution of values
15g = 52gx12.5ampxt
696500
_ 15x6x96500
or t = /]
52x12.5
= 1336.15sec

SOLVED PROBLEM 25. An electric current of 2.0 ampere was passed through acidul ated water
for two hours. Cal culate the volumes of hydrogen gas produced at STP. The el ectrochemical equivalent

of hydrogenis1x 10°g.
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SOLUTION : (i) To calculatetheamount of H, liberated
Formulaused
m =ZxI|xt
Quantitiesgiven
Z=1x10%g | = 2.0ampere t = 2x60x 60 sec
Substitution of values

m 1x10°x2.0x 72009
0.1449g
(i) To calculatethevolumeof hydrogen gasat STP

1 mol of H2 = 224litreat STP

2gof H2 = 224litreat STP
0144gof H, = 22.41itx0.1449g
29
[ = 1.612lit

SOLVED PROBLEM 26. What current strength in ampere will be required to deposit 100 of
silver from AgNO, solution in one hour ?

SOLUTION :
Formulaused
m=2Z x | xt
Quantitiesgiven
1089
t = 3600sec m = 1009 Z = E0C
Substitution of values
1089
1009 = ggspc x | x 3600sec
_100x96500
or I = 083600 ampere
b = 24.82ampere

ADDITIONAL PRACTICE PROBLEMS

1 How many atoms of copper will be deposited from asol ution of CuSO,5H,,0 by acurrent of 25 milliamperes
for 100 sec ?

Answer. 7.797 x 10 atoms of Cu

2. Acurrent of 2.0 ampereis passed through 500 mi of 0.1 M solution of ZnSO, for 4 minutes with a current
efficiency of 90%. Find out the molarity of Zn®* after deposition of Zn assumi ng volume remain constant.

Answer. 0.0977 M

3. Calculate the quantity of electricity that will be required to produce 355 g chlorine gas by the electrolysis of
a concentrated solution of NaCl. Also calculate the volume of hydrogen gas liberated at 27 °C and 1 atm
pressure during the process.

Answer. 10 F; 123.07 lit
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4.

10.

12.

A current 4.0 amperes is passed for 8 hours between nickel electrodes in 500 ml of 2M solution of nickel
nitrate. What will be the molarity of the solution at the end of electrolysis ?

Answer. 0.806 M

A solution of copper sulplate weighing 20g was el ectrolysed using 0.02 Faraday of electricity. Calculate the
weight of the resulting solution.

Answer. 9.2059g

A current deposits 10 g of copper in 30 hours from a solution of Cu?* ions. Calculate the strength of the
current in amperes.

Answer. 0.2814 amp

How many grams of iodine are produced when a current of 8.52 mA flows through an agueous sol ution of
potassium iodide using platinum electrodes for 10 minutes ?

Answer. 0.00673 g

When molten lithium chloride, LiCl, is electrolysed, lithium metal is liberated at the cathode. How many
grams of lithium are liberated when 5000C of charge passes through the cell ?

Answer. 0.360 g

A potential difference of 10 volts is applied to the ends of a column of 0.1 N AgNO, solution, 2 cmin
diameter and 6 cminlength givesacurrent of 0.99 ampere. Cal cul ate the specific conductance and equivalent
conductance of the solution.

Answer. 0.18917 ohmtem™ ; 1891.7 ohm~cm2equt

Specific conductance of 0.1 N solution of an electrolyte is 0.02 ohm™tecm™. Calculate its equivalent
conductance.

Answer. 200 ohm em?equt™

Specific conductance of 0.02 N KCl at 298 K is0.002768 ochm™ and it has resistance of 500 ohms. An 0.25
N solution of another salt kept in the same cell was found to have resistance of 300 ohmsat 298 K. Calculate
the cell constant and equivalent conductance of the salt solution.

Answer. 1.384; 18.45 ohmtcmP?equt™

Electrolysis of a solution of MnSO, in agueous sulphuric acid is amethod for the preparation of MnO, as
per reaction :

2+ +
Mn® + 2H0 > MO,y + 2H gy * H,

Passing a current of 27 A for 24 hours gives one kg of MnO,. What is the value of current efficiency.

H2

Answer. 95.2%



2 5 Theory of Electrolytic

Dissociation

CHAPTER

KEY CONCEPTS AND EQUATIONS

ARRHENIUS THEORY OF IONISATION

According to this theory an electrolyte on dissolution in water splits up into ions which reunite to
form neutral molecules and there isa state of equilibrium between the undissociated molecules and the

ions. . (A7 [B]
[AB]
where K is called the Dissociation constant.
TRANSPORT NUMBER AND ITS DETERMINATION
The fraction of the total current carried by the cation or the anion is called Transport number. It is

given by
\Vj \)
t, = v+-:v and t = vV, + Vv
HITTORF'S METHOD
It is based on Hittorf 's rule — the loss of concentration around any electrode is proportional to the
speed of theion moving away from that electrode.

() When €electrodes are unattackable

Fall in concentration around anode in g eqvt
Amt. of Ag deposited in g equt

Transport number of Ag*

d
. w
(i)  When electrodes are attackable
W —

e

Transport number of Ag"® = W

where Wistheincreasein concentration of Ag” ionsif no Ag*ionshad migrated from the anode and
eistheincrease in concentration of anodic solution.
MOVING BOUNDARY METHOD
It is based on the direct observation of migration of ions under the influence of applied potential .
t = sx | xc
A+ n

305
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wherel is distance through which the boundary moves, sthe area of cross - section of the tube,
n=Q/F, Q being the quantity of current passed and F stands for Faraday and cisoriginal concentra-
tion of A* ions.
KOHLRAUSCH'S LAW

It states that the equivalent conductance of an electrolyte at infinite dilution is equal to the sum of
the equivalent conductances of the component ions.

A=A+

where A is the equivalent conductance of the anion and A _that of the cations.
ABSOLUTE IONIC MOBILITIES

The absolute ionic mobility of an ion isthe velocity of anion in centimeters per second under a
potential gradient of one volt per centimeter. It has been found that the ionic conductance is directly
proportional to theionic mobility i.e.

A, = kU, and A, = kU,

where K is the constant of proportionality.
DEGREE OF DISSOCIATION

The degree of dissociation, o, of an electrolyte at ;he dilution Vis given by

\
A

oc

o =

ADDITIONAL SOLVED PROBLEMS

SOLVED PROBLEM 1. A solution containing 0.00739 g of AgNO, per gram of water was
electrolysed between silver electrodes. During the experiment 0.0078 g of silver was deposited in a
silver coulometer placed in series. At the end of experiment, the anodic solution contained 23.14 g of
water and 0.236 g of AgNO,. What are the transport numbers of Ag*and NO, ions?

SOLUTION : (i) To calculatethetransport number of Ag*

Before Electrolysis: After Electrolysis
Mass of water = 1g Mass of water = 23.14¢g
Mass of AGNO, = 0.00739g Mass of AgNO, = 0.236 g
_ 000739 . .
No. of gram equt. of Ag = F No. of g equivalentsof Agin 1 g of water
= 4347 x 10° - 22 1
2314 170
= 5992 x 107
Increase in concentration of Ag* in the anodic compartment when no silver ions migrate
_ 00078
170
= 4588 x 10°

Increase in concentration of Ag* ions inthe anodic compartment when Ag* ions migrate

= Conc. of Ag after electrolysis— Conc. of Ag before electrolysis
5992 x 10° — 4.347 x 10°

1.645 x 10

Fall in conc. of Ag* in anodic compartment = 4.588 x 10°— 1.645 x 10°

= 2943 x 10°
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Fall in conc. around anode

Slver deposited on Ag electrode
2.943 x 10°°

4588 x 10°°
0.641

(ii) Tocalculatethetransport number of NO,"ions

Transport number of Ag*ions =

1t

= 1-0641

L 0.359

~ SOLVED PROBLEM 2. The specific conductivity of saturated solution of silver chloride at 18 °C

is1.24 x 107° mhos after subtracting that of water. The mobilities of Ag* and Cl~ions at thistempera-

ture are 53.8 and 65.3 respectively. Calcul ate the solubility of silver chloridein grams per litre.
SOLUTION : (i) To calculatethe volume of solution that contain 1 g equivalent of AgCI.
Formulaused

A K XV

Quantitiesgiven
K = 1.24 x 10°mhos A= kAg+ + g+ = 538 + 653 = 119.1
Substitution of values
1191 = 124 x 105 x V
119.1

1.24x 10°®
= 9.6048 x 10'ml

(i) Tocalculatethe solubility of AgCl in gram per litre
9.6048x 10" ml containAgCl = 1geqvt = 143.5¢

143.5 x 1000

9.604 x 10’
b 1.494 x 107

™ SOLVED PROBLEM 3. In amoving boundary experiment 0.01 N HCI solution was floated on a
lithium chloride solution. The tube used had adiameter of 1 cm. When acurrent of 11.0 milliampere
was passed for 20 minutes, the H" ions — Li* ions boundary moved through 13.9 cm. Calculate the
transport numbers of H* and Cl~ ionsin HCI solution used.

SOLUTION : (i) To calculate thetransport no. of H*

or V =

1000 ml contain AgCl

Formulaused
_ sxIxFxc
tH+ = ——-
Q
Quantitiesgiven
s=nmr?= %XO.S x 0.5 | =139cm
F = 96500 coulomb c=0.01N Q=11x 102 x 20 x 60

Substitution of values
. _ 2 05x05x139x 96500 x 001
vz x 11 x 102 x 20 x 60

7
- 0.7984
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(i) Tocalculatethetransport no. of Cl~.

Formulaused
ty-=1-1t:
Quantitiesgiven
t,~ = 07984
Substitution of values
t,-= 1-0.7984
= 0.2016

SOLVED PROBLEM 4. Calculate the equivalent conductivity a 20 °C of NH,OH at infinite dilution.
Given: A (NH,CI) =130, A (OH) =174 and A (CI) = 66.
SOLUTION :
Formulausd
A, (NH,OH) = 2 (NH,CI) + 4 (OH") — 4 (CI)
Quantitiesgiven
A, (NH,Cl) =130 A(OH") = 174 A(CI) = 66
Substitution of values
A,(NH,OH) =130 + 174 — 66
- = 238
™ SOLVED PROBLEM 5. The absolute velocity of Ag" is 0.00057 cm sec™ and that of NO, is
0.00069 cm sec . Assuming complete dissociation, calculate the specific conductivity of 0.01 M
solution of silver nitrate.

SOLUTION :
Formulaused
kV =4 = /lAg+ + /INOS—
Quantitiesgiven
;{'Ag+ = 0.00057 x 96500 /INOS_ = 0.00069 x 96500
1000
vV = —
0.01
Substitution of values
c = 96500(0.00057 + 0.00069) x 0.01 mhos
1000
= 0.00121 mhos

SOLVED PROBLEM 6. The speed ratio of silver and nitrate ions in AgNO, electrolysed between
silver electrodes was found to be 0.89. Calculate the transference number of silver and nitrate ions.
SOLUTION : (i) To calculate the transference no. of NO_~ions.

Formulaused
t = 1
o - 1+
Quantitiesgiven
r =0.89
Substitution of values .
t = ———— = L = 0.5291
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(i) To calculatethetransference number of Ag*ions.
Formulaused
Ag+ 1- tNOS—

1 - 0.5291
- 0.4709
= SOLVED PROBLEM 7. In amoving boundary experiment with 0.1 N KCl using 0.65 N LiCl as
indicator solution, a constant current of 0.006 amp was passed for 1900 secs and the boundary was
observed to movethrough 5 cmin atube of 0.1142 cm? cross-section. Cal cul ate the transport number
of K" and Cl-ions.

SOLUTION : (i) To calculate thetransport number of K*ions.

Formulaused
_ SX | xFxc
L = T
Quantitiesgiven
s=0.1142 cm? | = 5cm F = 96500 coulomb
c =01 Q = 0.006 x 1900 coulomb

Substitution of values
0.1142 x 5 x 96500 x 0.1

Kt 1000 x 0.006 x 1900
= 0.4833
(if) Tocalculatethetransport number of Cl~ions
Formulaused
ty-= 1 -t
Quantitiesgiven
t+ = 04833
Substitution of values
t,-=1-04833
- = 0.5167

SOLVED PROBLEM 8. A dilute solution of silver nitrate was el ectrolysed using platinum el ectrodes.
After passing small current for three hours, afall of 0.00064 g equivalent of electrolyte occurred inthe
anionic solution. Theweight of copper deposited wasfound to be 0.05088 gm. Cal culate the transport
number of silver ions.

SOLUTION :

Formulaused
Fall in concentration

Amt. of Cu deposited in g eqvt

Transport No. of Ag* ions
Quantitiesgiven
Fall in Concentration = 0.00064 g equt.

0.05088
Amt. of Cu depositedingegut = ot
Substitution of values :
Transport No. of Ag* fons = 20004 x 315
0.05088

b = 040
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SOLVED PROBLEM 3. A solution of AgNO, containing 0.5066 g of the saltin 60 g of solutionwas
electrolysed between silver electrodes. After electrolysis 50 g of the anode solution found to contain
0.5186 g of AgNO, when acurrent of one amperewas passed for 118 seconds. Calculate the transport
numbers of Ag™ and NO," ions.

SOLUTION : (i) To calculatethetransport number of Ag*ions.

After electrolysis Before Electrolysis

Weight of anodic solution taken = 509 Weight of AgNO, solution = 609
Weight of AQNO, present init = 0.51869 Weight of AgNO, present = 0.5066
Weight of water =494814g Weight of water =150.49349g

Weight of AgNO, present in 49.4814g
of water = 0505 x 49.4814
594934
= 0421g
Observed increase in the weight of AgNO, in anodic compartment due to electrolysis
= 0.5186 — 0.421g

= 0.09769g
0.0976 .
= 0 g equiv of AQNO,
5.741 x 10%g
Quantity of electricity passed =1 xt
lamp x 118 sec
= 118 coulombs

Amount of AgNO, liberated when 118 coulombs of electricity are passed

118

96500
1.223 x 103g

Loss around the anode due to migration of ions
1.223 x 10 — 5,741 x 10
6.489 x 107
6.489 x 107
1.223 x 103g
0.530
(ii) Tocalculatethetransport number of NO,"ions
Transport number of NO,"ions = 1 — transport number of Ag'
=1-0.530
L 0.470
™ SOLVED PROBLEM 10. The equivalent conductance at infinite dilution (A ) of HCI, CH,COONa
and NaCl are 426.16, 91.0 and 126.45 ohm* cn* g equiv respectively. Calculate A_of acetic acid.
SOLUTION :
Formulausd

Transport number of Ag* ions

A (CH.COOH) = A (CH.COONa) + A (HCl) — A (NaCl)
[} 3 0 3 0 0
Quantitiesgiven
_ W ) P | _ ) —
AO(CH3COONa) = 91.0 ohm™ cm” g equiv AO(NaCI) = 126.45 ohm™ cm” g equiv
A, (HCl) = 426.16 ohm™ cm? g equiv™
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Substitution of values
A (CH,COOH) = 91.0 + 426.16 — 126.45 ohm ™ cm*gequiv™"
= 390.71ohm*tcm?gequiv?
SOLVED PROBLEM 11. The specific conductance of a saturated solution of AgCl is 1.55x 10°
ohmem™ at 25 °C. Theion conductance of Ag™ and Cl~ are 61.94 and 76.34 ohm™ cm? respectively.
Calculatethe solubility of AgCl ingram equivalent per litreat 25 °C. Neglect the specific conductance
of water.
SOLUTION :

Formulaused

K x 1000
s
Quantitiesgiven
e 61.94 + 76.34 = 138.28ohm™cm?  k = 1.55 x 10° ohmem™

Substitution of values

P 1.55 x 10°x 1000
138.28 ohm™—cm™ =

s
or s 1.55 x 10 x 1000
138.28
- = 11209 x 10° mol lit™

SOLVED PROBLEM 12. In amoving boundary experiment with 0.1 N KCI solution, the bound-
ary moved 4.94 cm during 67 minuteswhen acurrent of 5.21 A was used. The cross-sectional area of
the tube was 0.230 cm?. Calculate the transport number of K* ions.

SOLUTION :
Formulaused
_ sxIxFxc
te = ————————
Q
Quantitiesgiven
s = 0.230 cn? | = 4.94 cm F = 96500 coulomb
c =0.1N Q = 5.21 x 67 x 60 coulombs
Substitution of values
t, = 0.230 x 4.94 x 96500 x 0.1
K* 521 x 67 x 60

[ 0.523
~ SOLVED PROBLEM 13. Molar conductances of NaOH, NaCl and NH,Cl are 248.61, 126.45
and 149.75 Q~*m? mol™. Calculate the molar conductance of NH ,OH.
SOLUTION :
Formulaused
o M(NH ,OH) = u(NaOH) + M(NH4CI) - M(Nacl)

Quantitiesgiven

= 24861 Q" m?*mol*
— e ) -1
ITL(N o) = 126.45 Q™ m~mol

Substitution of values

= 149.75 Q7 m? mol

M neor) Hon pe)

= 248,61 + 149.75 — 126.45 Q* m? mol™

M(NH4OH)
271.91 Q' m? mol~
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SOLVED PROBLEM 14. In aparticular experiment on KCl the apparatus consisted of atube of
diameter 4.176 mm and it contained an aqueous solution of KCl at aconcentration of 0.021 mol lit™. A
steady current of 1.82 mA was passed and the cationic boundary advanced 3.18 mmin 100 sec. Find
transport number of K* and CI".

SOLUTION : (i) To calculate the transport number of K*

Formulaused
_ sxlIxFxc

'[K+ = —Q

Quantitiesgiven
2 04176

S=—= X~ X 04176 cm? [=3.18mm =0.318cm
Q = 1.82 x 1073 x 100 coulomb
F = 96500 coulomb ¢=0.021mal lit™

Substitution of values

2 04176 « 04176 0.318 x 96500 x 0.021

e T T > T182x 10° x 100
= 0.4847
(i) Tocalculatethetransport number of ClI~
Formulaused
ty-=1-t+
Quantitiesgiven
t.+= 04847
Substitution of values
ty-= 1-04847
= 0.5153

SOLVED PROBLEM 15. A 0.05M NaOH solution offered aresistance of 31.6 ohminaconductivity
cell at 298 K. If the cell constant of the cell is0.367 cm find out the molar conductivity of sodium
hydroxide solution.

SOLUTION : (i) To calculatethe specific conductivity of NaOH solution

Formulaused
Cell constant

Resistance

Foecific conductivity, «

Quantitiesgiven
Cell constant = 0.367 cm™ Resistance = 31.6 chm

Substitution of values

0.367cm™
31.60hm

0.0116 ohm™*cm™

(i) Tocalculatethemolar conductivity of NaOH solution

Formulaused

Specific conductivity, k

1000 x K
A = =
m C
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Quantitiesgiven
x = 0.0116 ohm™*cm™ c=005M

Substitution of values
1000 x 0.0116 ohm™cm™

Am 0.05M
232.278 ohm=t cm™

SOLVED PROBLEM 16. The resistance of 0.1 M KCI solution in a conductance cell is 300 ohm
and specific conductance of 0.1 M KCl is1.29 x 1072 ohm™ cm™. The resistance of a0.1 M NaCl
solutioninthe same cell is 380 ohm. Cal culate the equivalent conductance of the 0.1 M NaCl solution.

SOLUTION : (i) To calculate the cell constant
Formulaused

K = % x cell constant
Quantitiesgiven
Kk = 129 x 102ohm™*em™ R = 3000hm
Substitution of values
1.29 x 102 ohm™cm™

x cell constant

3000hm
cell constant = 3000hm x 1.29 x 102ohm™cm™
= 3.87cm™
(i) Tocalculatethe equivalent conductanceof 0.1 M NaCl solution
Formulaused
A = xx 1000
B N
Quantitiesgiven
K= % « call constant = Taéo x 3.87 = 0.01018 ohmcm N = 0.1
Substitution of values
A = 0.0101(5)3 1>< 1000 ohmt e equt®

101.8 ohm™ cm2equt™
SOLVED PROBLEM 17. A solution of silver nitrate containing 6.07 g silver in 25 ml solution was
electrolysed between platinum electrodes. After electrolysis, 5.77 g of silver was present in 25 ml of
anode solution while 0.625 g of metallic silver was deposited on the cathode. Calculate the transport
number of Ag* and NO," ions.
SOLUTION : (i) To calculatethetransport no. of Ag*ions
Formulausd

Fall in conc. around anode
No. of g equt deposited in silver coulometer

Transport number of Ag" ions =
Quantitiesgiven

Fall inconc. around anode = 6.07 — 5.77g = 0.39g = Oré g equt. = 0.002777 g eqt.

0.625
No. of eqvt. deposited in silver coulometer = BT 0.005787 g egvt.
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Substitution of values

Transport number of Ag* ions

Transport number of NO,~ ions

SOLUTION :
Formulaused
tN03_ =
Quantity given
Mgt
“Noa‘ =075 or
Substitution of values
tN03 =
tAg+ =

SOLVED PROBLEM 19. In a moving boun

theglasstubeis1.00 x 107° m?.
SOLUTION :
Formulaused

Quantitiesgiven
| =16.8cm = 16.8 x 102m

¢ = 0.01 mol dm™

Substitution of values

and

0002777

0.005787

0.4799
(ii) Tocalculatethetransport number of NO,"ions.

1 — transport no. of Ag*ions

= 1-0479

0.529

== SOLVED PROBLEM 18. Ratio of Ag" and NO, ions in the solution of AgNO, electrolysed
between silver electrodes is 0.75. Find the transport number of the two ions.

Yo 3
+
uNoa— uAg+

u Ag+

1+
“Noa_

1
175
1 ty-

= 0571

1-0571
0.429
dary method, a current of 25 mA was passed for 80

seconds. During thistimethe boundary of asolution of HCI containing 0.01 mol dm moved 16.8 cm
towards the cathode. Calculate the transport number of H* and Cl~ ions. The cross-sectional area of

sx | xc
n

s=10x 10°m?

n =

16.8x 102 mx 1.0x 10°m?x 0.01 mol dm™

3
25 x 10~ x 80 % 1000

0.81

= 1-t,+

1-081
0.19



THEORY OF ELECTROLYTIC DISSOCIATION = 315

ADDITIONAL PRACTICE PROBLEMS

1. A solution of HCI was electrolysed in atransference cell, between two platinum electrodes. The electrode
compartment contained 0.354 g of chloride ions before electrolysis and 0.326 g after electrolysis. A silver
coulometer in serieshad adeposit of 0.532 g of silver after passing the same amount of current. Calculate the
transport number of H™ and Cl~ ions.

Answer. 0.16 and 0.84

2. In an electrolysis of copper sulphate between copper electrodes, the total mass of copper deposited at the
cathode was 0.153 g and masses of copper per unit volume of the anode liquid after and before electrolysis
are 0.91 and 0.79 g respectively. Calculate the transport number of Cu?* and SO 42‘ ions.

Answer. 0.215 and 0.785

3. In the Hittorf cell using silver electrodes and AgNO, as an electrolyte, a certain amount of current was
passingwhich deposited 9.886 x 107 g equivalent of silver in the coulometer. The anode compartment had
the composition 28.235 g of H,0 and 0.099 g of AgNO, before electrolysisand 28.435 g of water and 0.1874
g of AgNO, after electrolysis. Calculate the transport number of Ag" and NO," ions.

Answer. 0.48 and 0.52

4. Theionic conductances of Li*, Na* and K* are 38.6, 50.1 and 73.5 ohm™ cm? equt respectively. Calculate
ionic mobilities.
Answer. 4x10% 52x10%and 7.6 x 10

5. Theequivalent conductivity of KCl at infinite dilution is 120 ohm™™ cm? equt. The transport number of Cl~
ionin KCl at the sametemperatureis0.51. Calculate the limiting ionic mobility and ionic conductance of K*
ions.

Answer. 58.8 ohm™ cm? equt™, 6.09 x 104cm? st v?

6. A conductivity cell whose cell constant is 2 cmi™, isfilled with 0.1 M acetic acid solution. Its resistance is
found to be 3765 ohm™. Calculate the degree of dissociation of acetic acid.

Answer. 0.0136

7. A solution of HCl was electrolysed in a cell between two platinum electrodes. The cathode compartment
contained 0.354 g of chloride ions before electrolysis and 0.32 g after electrolysis. A silver coulometer in
series had a deposit of 0.532 g of silver after passing the same amount of current. Calculate the transport
number of H* and Cl~ ions.

Answer. 0.84; 0.160

8. In amoving boundary method, acurrent of 30 m A was passed for 80 seconds. During thistime the boundary
of asolution of HCI containing 0.01 mol dm= moved 17.0 cm towards the cathode. Cal culate the transport
number of H" and CI~ ions. (The cross-sectional area of the glasstubeis 1.0 x 10°m?).

Answer. 0.68; 0.32

9. Theionic equivalent conductances of Na" and Cl~ionsin 0.1 molar sodium chloride are 45 and 63 ohm™ cm?
mol™. What are their ionic mobilities and transport numbers ?

Answer. 4.66 x 10%and 6.53x 10*, 0.417 and 0.583

10.  Inamoving boundary experiment with 1 N KCl solution using CaCl, asindicator, acurrent of 0.0115A was
passed for half an hour and the boundary moved through a volume of 0.106 ml. Calculate the transport
number of K* ion.

Answer. 0.494



26 lonic Equilibria
Solubility Product

CHAPTER

KEY CONCEPTS AND EQUATIONS

THE OSTWALD'S DILUTION LAW
The law of Mass action can also be applied to the ionic equilibrium

AB == A"+ B
The Dissociation constant or lonisation constant for such an equilibrium is given by
o’
Tt
where o is the degree of dissociation and c is the concentration of the electrolyte. The above
expression can also be written as

062

K =
¢ (Q-a)V
where Visvolume of solutioninlitres containing 1 mole of an electrolyte. Thisexpressioniscalled
Ostwald's Dilution Law. It reducesto

2
K:L
\%

C
for weak electrolyteswhen1—o = 1.
DEGREE OF DISSOCIATION
The fraction of the amount of the electrolytein solution present as free ionsis called the degree of
dissociation. It is given by
Amount dissociated (mol lit™)
Initial concentration (mol lit™?)

COMMON ION EFFECT

The reduction of the degree of dissociation of a salt by the addition of acommon ion is called the
common-ion effect.
SOLUBILITY EQUILIBRIA AND THE SOLUBILITY PRODUCT

A saturated solution isasolution in which the dissolved and undissolved solute arein equilibrium
and the solubility of a substance in a solvent is the concentration in the saturated solution.

316
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The molar solubility is defined as the number of moles of the substance per litre of solution.
For theequilibrium
AgCl == Ag'+ CI-
we have
[Ag] [CI]
[AgCI]
In the saturated solution [AgCl] does not change with time and the equilibrium expression
becomes

K

Ky = [AgT [CI]
¥
where KSp is called the solubility product and the product [Ag*] [CI] is caled lonic product.
CALCULATION OF I(sp FROM SOLUBILITY AND VICE VERSA
The KSp expressions for various sparingly soluble salts are given in Table 26.1

TABLE 26.1 K, EXPRESSIONS FOR VARIOUS SALTS

Salt Formula o
Silver Chloride AgCl [Ag [CIT] =g
Barium Fluoride BaF, [Ba'] [F]? = 4s°
Silver Chromate Ag,CrO, [Ag)? [CrO] =48’
Lead sulphate PbSO, [Pb?] [SOF] = ¢

Knowing the value of Ksp, the solubility, s of the salt can be calculated.
PREDICTING WHETHER PRECIPITATION WILL OCCUR ON MIXING

When two reaching solutions are mixed, theionic product Q iscal culated from the concentration of
the reacting ions. Following two cases arise

Q > Ksp precipitation occurs
Q < Ksp No precipitation occurs

ADDITIONAL SOLVED PROBLEMS

SOLVED PROBLEM 1. The solubility product of lead bromideis 8.0 x 107. If the salt is 80%
dissociated in the saturated solution, find the solubility of the salt.

SOLUTION :
PbBr, === Pb* + 2Br

Formulausd

KSp = [Pb*] [Br)?
Quantity given

KSp = 80 x 10°
Substitution of values

8.0 x 10° = s(mol lit™) x [2s(mol lit™)]?

or 48 = 80 x 10°

or s :\72.0><1(T5

= 2.714 x 102mol lit*
If the salt is 80% dissociated, the solubility is
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2
- 274 x107x80 _ 5491, 102mollit

100
2.17 x 102 x 368 glit™?

= 7.9856 g lit™
SOLVED PROBLEM 2. The solubility of silver chloride at 25 °Cis1.05 x 107°moles per litre.
Calculate the solubility product.
SOLUTION :
Formulausd

K
Y

[Ag'] [CIT]
Quantitiesgiven

[Ag'] = 1.05 x 10°moleper litre [CIT = 1.05 x 10°mole per litre
Substitution of values

KSp 1.05 x 10° x 1.05 x 10°
= 11025 x 10
SOLVED PROBLEM 3. The solubility of BaSO, at 18 °C is 0.00233 g per litre. Calculate the
solubility product of BaSO,. (Molecular weight of BaSO, is233)
SOLUTION :

Formulaused

~
|

= [Ba”] [0,]
Quantitiesgiven

000233 ) fitt =1 x 10°mol lit™

[SO,7] = [Ba*] = 0.00233glit™
Substitution of values

K

5 = (10X 107 x (10 x 109)

= 1.0 x 10°°
== SOLVED PROBLEM 4. The solubility product of silver chromateis2.0x 10*?at 25 °C. Calculate
the solubility at this temperature.

SOLUTION :

Theequilibriumreactionis

Ag,CrO, === 2Ag" + CrO;>

Equilibrium concentration 2 X
Formulaused
K = [AgT? [CrO]
= (29* ()
= 4
Quantitiesgiven
KSp =20x 10"
Substitution of values
2.0 x 102 = 4%

or X = 3f 20 x 107
4

= 7.937 x 10° molelit™
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SOLVED PROBLEM 5. At 20 °C the solubility of silver chlorideinwater is1.435 x 102 per litre.
Find the solubility of AgCI.

SOLUTION :
AgCl === Ag" + CI”
Formulaused
K, = [Ag [C] = &
Quantity given
3
s = 1.435 x 103 glitt = 1435 X 107 g it
1435

1 x 10°mol lit™
Substitution of values

K
¥

(1 x 10°) x (1 x 10)

= 1x 10™%
SOLVED PROBLEM 6. The solubility of Ag,CrO, (m. wt = 332) is 0.024 gram lit™2. Find the
solubility product.

SOLUTION :
AgCrO, === 2Ag" + CrO*
Formulaused
K,, = [Ag')? [CrO,?]
=(29%x s =48
Quantity given

0024

s = 0.024glit™ = mol lit™ = 7.2289 x 10°mol lit™

Substitution of value
K_ =4 x(7.2289 x 103

o = 1511 x 102
™ SOLVED PROBLEM 7. Calculate the pH value of a solution obtained by mixing 500 ml of 0.1 N
CH,COOH and 500 ml of 0.1 N CH,COONa K_for aceticacidis1.8 x 10°.

SOLUTION :
Formulausd
pH = pK_ + log @
[Acd]
Quantitiesgiven
pK, =—log 1.8 x 10° = 4.774
01 .
[salt] = - = 0.05N [Acid] :% = 0.05N
Substitution of values
pH = 4774 + log 2=
= 4774 005

SOLVED PROBLEM 8. The dissociation constants for formic acid and acetic acid are 21.4
x 107° and 1.8 x 10°respectively. What are the relative strengths of the two acids ?
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SOLUTION :
Formulausd
Srength of HCOOH _ Kicoon
Srength of CH,COOH
o . CH3000H
Quantitiesgiven

K, = 214 x 10°°

K2 = 1.8 x 10°
Substitution of values

Srength of HCOOH 21.4 x 10°
Srength of CH,COOH = 18 x 107
= 3.448
. Thusformicacid is3.448 timesstronger than theacetic acid.

~  SOLVED PROBLEM 9. Calculate the pH value of a solution whose hydrogen ion concentration
is0.006 gmion/litre.

SOLUTION :
Formulaused

pH = —log [H']
Quantity given

H*] = 0.006glit™ = 00% mol lit* = 0.003 mal lit™
g 2
Substitution of values

pH —log (0.003)
—log (3 x 1079
(3-0.4771)

= 2.5229

= SOLVED PROBLEM 10. What isthe pH of the buffer composed of 0.1M solution of HCN in
0.1M KCN ? The dissociation constant of HCN is0.01.

SOLUTION :
Formulaused ) [Sal]
pH = pK_ + log [Add]
Quantitiesgiven
pK, = —log K, = —1og0.02 = 1.6990
[Salt]= 0.1M [Acid] = 0.1M
Substitution of values

H = 1.6990 + | E
pr =~ 9701
= 1.6990
SOLVED PROBLEM 11. Calculate the pH of (i) 10® N aqueous HCI solution ; and (i) 10~ N
aqueous NaOH solution.

SOLUTION : (i) 10°® N aqueous HCI solution
Formulaused

pH = —log[H']



IONIC EQUILIBRIA 321

Quantity given
[H = 10°%
Substitution of values
pH = —log (107
=8
(i) 107 N aqueous NaOH solution
Formulaused
pH = —log[H"]
Quantity given
. K 1074 ,
1 = [OH] = 107 1o
Substitution of values
pH = —log (107
- =7

SOLVED PROBLEM 12. The solubility of Ag,CrO, (mol. mass = 332) is 0.024 g lit™. Find the
solubility product.
SOLUTION : The solubility equilibrium is

Ag,CrO,
Equilibrium Conc. S

Solubility of Ag,CrO,

Solubility product of Ag,CrO,

[—
5

2Ag* + CrO,”
2s S

= 0.024glit™

- 00 mol lit™
TR

7.229 x 10°mol lit™
2 2—
[Ag']® [CrO,~]
(2 x 7.229 % 10_5) X 7.229 x 107
1.052 x 1077

== SOLVED PROBLEM 13. The specific conductivity of a saturated solution of silver chloride is
1.33x 10° mhosat 25°C. Given that theionic conductivitiesfor Ag™ and Cl-ionsare 56.9 and 68.4 mhos
respectively. Calculate the solubility and solubility product of silver chloride.

SOLUTION : To calculate the solubility of AgCI.

Formulausd
A =xxV
Quantitiesgiven
A= AAg+ + A - =569 + 684 = 1253 Kk =133x10°
Substitution of values
1253 = 133x10°xV
N 1253 B 3
or V = T3mx10° - 942 x 10°cm
94.2 x 10°cm3containAgCl = 1gequivalent = 143.5gAgCl
3 . _1435x 1000
1000 cm® containAgCl = ——
94.2 x 10°°

1523 x 102 glit™
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(i) Tocalculatethesolubility product of AgClI
Formulausd
K, = [Ag7 [CI]

Quantitiesgiven
1523 x 103 glit™
1435 glit™

[AgT] = [CI] = 1.06 x 10°mol lit™
Substitution of values

K
£

(1.06 x 10%) (1.06 x 107
11236 x 107%°

SOLVED PROBLEM 14. The solubility product of Ag,CrO, at 25°Cis1.29 x 10™mol lit>. A
solution of K,C,0, containing 0.1520 molein 500 ml water is shaken with excess of Ag,CO, till the
following equilibriumisreached:

Ag,CO, + K,C,O, == Ag,C0, + K, CO,

At equilibrium the solution contains 0.0358 mole of K ,CO,. Assuming the degree of dissociation
of K,C,0,and K,CO,to be equal, calculate the solubility product of Ag,CO,.
SOLUTION :

AgCO, == 2Ag" + CZOAZ‘
AgCO, =—= 2Ag" + C032‘
K, (Ag,C,0) = [AgT*[C,0”]
K_[Ag,CO,]
or [Ag)? = ———2— (i)
[C,0,7]
and K, (Ag,CO) = [Ag']? [CO]
K_[Ag.CO
or [AgT]? = 5‘1;22_3] (i)
[CO,7]
Since the concentration [Ag'] isthe same in equations (i) and (ii) we have
Ksp[AngzO A Ksp[Agzcoa] i)
- = —4— - (il
[C,0 42‘] [COaz‘]

The chemical reaction between Ag,CO, and K,C.O, is

Ag,CO, + K,CO, === AgC,0, + K,CO,

27274
Initial Conc. 0.152 0
Conc. at Equilibrium 0.152 — 0.0358 0.0358
equilibrium conc. (mol lit™) 0.2324 0.0716

Substituting the values in equation (iii) we have
Ksp[AngzO ] % [C,O 42‘]
[cO.7]
1.29 x 10 mol®lit® x 0.0716 mol lit™

0.2324mol lit™
3.97 x 102 mol® it

K, [Ag,CO]
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SOLVED PROBLEM 15. The solubility product KSp of Ca(OH), at 2.98 K is4.42 x 107°. 500 ml of
asaturated solution of Ca(OH), is mixed with equal volume of 0.4 M NaOH. How much Ca(OH), in
milligramisprecipitated ?

SOLUTION : The ionisation of Ca(OH), is represented as

Ca(OH), === C&" + 20H"
K., of Ca(OH), = [Ca?'] [OH]
s x (29)?

= 48

3 Ky
2

3 4.42 x 10°
\/ 4

2.227 x 102M
2.227 x 107
2
= 0.011135
When 500 ml of saturated solution ismixed with 500 ml of 0.4 M NaOH the resultant volumeis 1000
ml. The molarity of OH~ ionsin the resultant solution becomes 0.2 M
+ KSP
Now [Ca& = W
4.42 x 10

02x0.2
0.001105M

No. of moles of Ca?* ions or Ca(OH) , precipitated
Initial conc. of Ca?* —Final conc. of Ca?*
0.011135-0.001105
0.010245M
0.010245 x 74
0.75813¢g

= 758.13mg
SOLVED PROBLEM 16. A sample of hard water contains 96 ppm of SO42‘ and 183 ppm of HCO,
, with Ca?* asthe only cation. How many molesof CaO will berequired to remove HCO, from 1000 kg
of thiswater ?1f 1000 kg of thiswater istreated with the amount of CaO cal culated above, what will
be the concentration (in ppm) of residual Ca2* ions ? (Assume CaCO, to be completely insoluble in
water). If the Ca?* ionsin onelitre of the treated water are completely exchanged with hydrogenions,
what will beitspH ?

SOLUTION : The reactions are

CeO + Ca(HCO,), —— 2CaCo, + H,0

or Ce* + 2HCO, —— CaCO, + H,0 + CO,
409 122 g

or

(2]
1

No. of moles of Ca?* ionsin 500 ml of the solution

Thus the mass of Ca(OH), precipitated
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122 g of HCO,  ions are precipitated by

40 g of Ca* ions
40x183

183 gof HCO,  ions are precipitated by g of Ca* ions

60 g of Ca" ions

But 40 gof Ca"ionsare present in = 56 g of CaO
) ) 56 x 60
and 60 g of Ca* ions are present in = 0 gof CaO
= 84 gof CaO
: 849
No. of molesof CaOin84gof CaO = ————— = 1.5mol
56 gmol
96 ppm of SO, = 96 ppm of Ca™* ions
Conc. of CaSO, = 96 ppm
-5
- 1%

0.706 mol of CaSO,
0.706 x 102 mol lit™
when 0.706 x 10 mol in 1 litre Ca?* ions exchanged with H* ions of water
Concentration of H ions = 2 x 0.706 x 10 moal lit™*

= 1.412 x 103 mol lit™

or Concentration of OH" ions = 1.412 x 102 mol lit™
pOH = —log[OH]
—log (1.412 x 107%)
2.85
pH = 14—pOH = 14-2.85
S = 11.15
™ SOLVED PROBLEM 17. The solubility of asalt of type AB,, with mol mass 78 in water is 1.6 x
102glit™ at 20 °C. Calculate its solubility product.
SOLUTION : The equilibrium is

AB, === AZ + 2B

The solubility of the salt AB,, in moles per litre
_ 16 x 102 glit™
~ 78gmol™
2.05 x 10*mol lit™

Formulaused
K, = [A*] [BT
Quantitiesgiven
[A?] = 2.05 x 10*moal lit? B

2 x 2.05 x 10*mol lit™
4.1 x 10™*mol lit™

Substitution of values

Y
1

2.05 x 10% x (4.1 x 10%?
3446 x 101
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ADDITIONAL PRACTICE PROBLEMS

1 A sample of hard water contains 0.005 mole of CaCO, per litre. What is the minimum concentration of
Na,SO, which must be exceeded for removing the calcium ions from this water sample? The solubility
product constant of calcium sulphate at 25 °C is2.40 x 1075
Answer. greater than 0.0048 mol lit™?

2. When onelitre of saturated solution of lead chloride, PbCl ) isevaporated to dryness, theresidueisfound to
weight 4.5 g. Calculate the value of KSp for PbCl,.

Answer. 1.7 x 10°°

3. Calculate the solubility product of AgCl if its solubility at 20 °C is1.435 x 107 g/litre.
Answer. 1 x 107%°

4. The solubility of Mg(OH), in pure water is 9.57 x 107°g lit™. Calculate its solubility (g lit™) in 0.02 M
Mg(OH), solution
Answer. 8.7 x 10*glit?

5. Calculate the solubility product of AgCl © in pure water and in 0.1 M NaCl at 25 °C.

KSp (AgCl) = 2.8 x 10
Answer. 1.673 x 10°moal lit?; 2.8 x 10°mal lit™?

6.  The solubility product of AgCl in water is1.5 x 107%°. Calculate its solubility in 0.01 M NaCl solution.
Answer. 1.5 x 10®mol lit?

7. Calculate the solubility product of silver chromate (molar mass 332) if at 25 °C it requires 0.0435 g of
Ag,CrO, to form its one litre saturated solution.

Answer. 524 x 107
8. Calculate the solubility product of silver chromate Ag,CrO, at 25 °C if the concentration of Ag’ion
1.5 x 10“*mol lit?isin a saturated solution of silver chromate at 25 °C.
Answer. KSp = 16875 x 102
0. The solubility of lead sulphate in water 0.038 g lit™ at 25 °C. Calculate its solubility product at 25 °C.
(molar mass of PbSO, = 303).
Answer. 15725 x 10°®

10.  The solubility product of BaSO, is 1.5 x 107°. Find out the solubility in pure water and in 0.1 M BaCl,
solution.

Answer. 3.87 x 10°moal lit™*; 1.5 x 10°mol lit™



7 Acids and Bases

KEY CONCEPTS AND EQUATIONS

ARRHENIUS CONCEPTS
An acid isacompound that releases H" ionsin water ; and abase in acompound that releases OH™
ionsinwater.
BRONSTED LOWRY CONCEPT
An acid isany molecule or ion that can donate a proton (H*) and a base is any molecule or ion that
can accept a proton.
LEWIS CONCEPT
An acid is a substance which accepts an electron pair and a base is a substance that donates an
electron pair.
RELATIVE STRENGTH OF ACIDS AND BASES
The dissociation constant of an acid, HA, is given by
_ HTIA]
a [HA]
Thevalue of K isameasure of [H*] or its acid strength.
The dissociation constant of a base, BOH, is given by
_ [B7[OH]
b [BOH]
Thevalue of K isameasure of [OH] or its strength.
THE pH OF SOLUTIONS
The pH is defined as the negative of logarithm of H* ion concentration. Mathematically,
pH = —log[H]
Similarly for abase pOH is defined as the negative of logarithm of OH™ion concentration. i.e.,
pOH = —log[OH]

K

K

And for water

pK, = —log[K ]
ThepK  isrelated to pH and pOH by the relation

pK, = pH + pOH

326
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BUFFER SOLUTION

A buffer solution is one which maintainsits pH fairly even upon the addition of small amounts of
acid or base. In other words, a buffer solution resists a change in its pH on the addition of a small
amount of an acid or base.

The pH of a buffer solution is given by

_ Salt]
pH = pK_ + log [—_
[Acid]

Salt]

or pOH = pK +log [l
’ [Basd

ADDITIONAL SOLVED PROBLEMS

SOLVED PROBLEM 1. Two hypothetical acids HA and HB have the dissociation constant
1x 102 and 1 x 10~°respectively in water at 25 °C. Calculate the strength of HA with respect to HB.
SOLUTION :

Formulausd
Strength of acid HA Kia
Srength of acid HB Koo
Quantitiesgiven
— —3 — 5
Ko =1x10 Kpg = 1x10

Substitution of values
Srength of acid HA

= 1x 107
Strength of acid HB 1% 10°
= 4/1x10°

= 10
| Thus acid HA is10timesstronger than HB.
== SOLVED PROBLEM 2. Dissociation constant of propionic acid at 25 °C is 1.34 x 107°. Calculate
the degree of dissociation and pH in 0.1 M acid.
SOLUTION : (i) To calculatethe degreeof dissociation of propionicacid
Formulaused

K = o2 C or o?C [ 1-a=1]
a l-a

Quantitiesgiven
Ka:1.34><1(T5 C =01M
Substitution of values

1.34x10° = o x 01
—5
or 2 = 134 x 10
01
or a = 4/ 134 x 10"
= 0.0115
(i) TocalculatethepH of 0.1 M propionicacid

Formulaused

pH = —log[H’]



328 27 QUESTIONBANK

Quantitiesgiven

[H7 = 0.0115M
Substitution of value
pH = -log(0.0115)
= 1.939

SOLVED PROBLEM 3. Calculatethe pH of 0.001 N HCI assuming completeionisation of HCI.
SOLUTION :
HCl === H'+CI

0.001 M 0.001 M
Formulaused
pH = —log[H]
Quantitiesgiven
[Hl = 0.001LN
Substitution of value
pH = —log(0.001)

— = 3

™= SOLVED PROBLEM 4. Given the dissociation constant of acetic acid at 25 °C as 1.8 x 107,

calculatethe pH of asolution containing 0.185 mol acetic acid and 3.015 g mol sodium acetate per litre.
SOLUTION :

Formulaused
[Salt]
H = pK. + log ——
p pK, + 109 [Add]
Quantitiesgiven
pK, = —log (1.8 x 107°%) =4.7447 [Salt] = 3.015M [Acid] = 0.185M
Substitution of values
pH = 4.7447 + log 3015
0185

4.7447 + log 16.297
= 47447 + 1.2121
I = 5.9568
™ SOLVED PROBLEM 5. Calculate pH of 0.085 N monobasic acid which dissociates 25%.
SOLUTION : (i) To calculatetheconcentration of [H*] ions.
HA =—= H'+A
Sincethe acid is 25% dissociated, the concentration of H* will be

[H7 = é><0.085M
100
[H7 = 0.02125M
(i) TocalculatethepH value
Formulausd
pH = —log[H"]
Quantity given

[H] = 0.02125M
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Substitution of values
pH = -log(0.02125)
e = 16726
™ SOLVED PROBLEM 6. CalculatethepH of a0.1 M acetic acid when it ishalf neutralised by NaOH
solution (K, = 1.7x107).
SOLUTION : Acetic acid dissociates as
CH,COOH =—= CH,COO" + H*
[CH,CO0T [H]
K = [CHCOOH]
Let x be the concentration of H* ions at equilibrium, then
[H] = [CH,COOT] = x

[CH,COOH] = 0.05-x = 0.05
Substituting the values we get
K = X X X
a 005

Quantity given

Substitution of values

17 x 10° = OXE
or x> = 85 x 107
or X = 9219 x 10*
Now pH = -log[H"]
= —log(9.219 x 107
- = 3.0353

SOLVED PROBLEM 7. Calculatethe pH of the buffer solution containing 0.04 M NH,Cl and 0.02
M NH,OH. K_ for NH,OH is 1.8 x 10°.
SOLUTION :
Formulaused

[Sal]
[Base]

pOH = pK, +log

Quantitiesgiven
pK, = —log 1.8 x 107° = 4.7447 [Salt] = 0.04M [Basg] = 0.02M
Substitution of values

4.7447 + log %

4.7447 + log 2
4.7447 + 0.3010
= 5.0457
14
14 — pOH

= 14 — 5.0457
— = 8.9543

pOH

Since pH + pOH
pH
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SOLVED PROBLEM 8. A buffer solution is prepared by mixing 3 g of acetic acid and 1.30 g of
sodium acetate (CH,COONa.3H,,0) and making the total volumeto onelitre. Calculate the pH of the
buffer. (K = 1.8 x 10°;H=1;C=12;0=16;Na=23)

SOLUTION :
Formulaused
H = pK_ +I [Salt
p = p a 0og [ACld]
Quantitiesgiven
pK, = —logK_ = —log(1.8x10°) = 4.7447
. 3
_ =/ _ 3 il = = —
[Salt] = % - 9.559 x 10°M [Acid] = 0 0.05M
Substitution of values
3
pH = 47447 +log 229X 107
005
= 4.7447-0.7185
4.0262

SOLVED PROBLEM 9. Calculate the degree of hydrolysis of ammonium acetate. The dissociation
constant of NH,OH is 1.8 x 10°and that of acetic acidis1.8x 10°andK = 1.0x 107
SOLUTION :

Formulaused

Quanitiesgiven
K, = 1x 10 K, = 18x 10° K, = 1.8x 10°
Substitution of values
1x 10

h = 1.8x 10°x 1.8 x 107°

— = 3.0864 x 10
SOLVED PROBLEM 10. Calculate the pH of solution having hydrogen ion concentration 2.5 x 10°M.
Solution:

Formulaused
pH = —log[H"]
Quantity given
[H] = 25x 10°M
Substitution of values
pH = —log(25 x 107)
= —log (0.0025)
= —(-2.6020)

| = 26020
~ SOLVED PROBLEM 11. Calculate the pH of 0.01 M NH,OH solution. Dissociation constant of
NH,OH is1.8 x 10°.
SOLUTION :(i) Tocalculatethe concentration of OH™ions.
NHOH === NH, + OH"

001 - o a o




Formulaused
Kb
or a
Substitution of values
o
or o
[OH]
(il) TocalculatepOH value
Formulaused
pOH
Quantity given
[OHT]
Substitution of value
pH
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[NH,’] [OH]
[NH,OH]
o?

00l-o

052

001

A/ 0.0L x K,

\/ 0.01 x 1.8 x 107

1[1.8 x 107

o = 42426 x 10*

[ 0.01—a = 0.01]

—log [OH]
4.2426 x 10
14 —pOH

14-3.3723
10.6277

SOLVED PROBLEM 12. CalculatethepH of 0.001 M HCI and 0.01 M NaOH.
SOLUTION:: (i) To calculatethe pH of 0.001 M HCI

HCI
0.001 M

Formulaused

pH
Quantity given

[H']
Substitution of value

pH

(i) TocalculatepH of 0.01 M NaOH

NaOH
0.01 M

Formulaused
pOH

Quantity given
[OH]

Substitution of value
pOH

== H'+CI"

0.001M

—log[H"]
0.001M
—log (0.001)
3

== Na + OH"

0.01M
—log [OHT]
0.01M

—log0.01 = 2
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Since
pH + pOH = 14
we have pH = 14—pOH
=14-2
=12

= SOLVED PROBLEM 13. Calculate the pH volume of a solution obtained by mixing 0.083 mole
of acetic acid and 0.091 mole of sodium acetate and making the volume 500 ml. K_ for acetic acid
is1.75x 107,

SOLUTION :

Formulausd
[Salt]
[Acid]

pH = pK_ + log

Quantitiesgiven
pKa‘ = —log1.75x 10° = 4.7569 [Salt] =2x0.091M = 0.182
[Acid| = 2x 0.083M = 0.166
Substitution of values

H = 47560 + log 282
pa =4 9 0166

4.7569 + log 1.0964
4.7569 + 0.0399
| = 47968
== SOLVED PROBLEM 14. What will be the H" ion concentration of solutions having
(i) pH = 5.0and (i) pH = 7.8 ?
SOLUTION :(i) Tocalculatethe[H™] of solution havingpH =5

Formulaused
pH = —log[H"]
or [H] = Antilog (—pH)
Quantity given
pH =5
Substitution of value
[H] = Antilog (-5)
= 1x10°M
(i) Tocalculatethe[H™] of solution havingpH = 7.8
Formulaused
pH = —log[H"]
or [H] = Antilog (- pH)
Quantity given
pH = 7.8
Substitution of value
[H] = Antilog-7.8

1584 x 108
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SOLVED PROBLEM 15. What ispH of the solution when 0.20 mole of HCI ismixed to onelitre of
a solution containing
(i) 1M each of acetic acid and acetate ion.
(i) 0.1 M each acetic acid and acetate ion.

SOLUTION : (i) When 1 M each of aceticacid and acetateion aremixed
[CH,COOH] = [CH,COONg| = 1M (Given)
Amount of HCl added = 0.20mole

HCl =—= H'+CI"
02 M 02M
H* ions combine with acetate ions to give acetic acid i.e.
H" + CH,COO" —— CH,COOH
02M 02M 02M
The concentration of CH,COOH will increase and it becames 1.2 M and that of CH,COO~
decreasesto 0.8 M
Formulausd
[salt]
[acid]

pH = pK, + log

Quantitiesgiven
PK, = —log (1.8 x 107°) = 4.7447 [Salt] = 0.8M [Acid] = 1.2M
Substitution of values

08
pH = 4.7447 +Iog§

= 4.7447 +10g0.667
= 47447 +(-0.1759)
= 4.5688
(it When 0.1 M each of aceticacid and acetateion aremixed
[CH,COCH] = [CH,COONa] = 0.1M
Out of 0.2 M HCI added 0.1 M will react with aceticion to form 0.1 M of acetic acid. Thusthe
concentration of CH,COOH wouldincreaseto0.1M + 0.1M = 0.2M
And in the presence of H*, the concentration of CH_,COOH does not increase. Thus pH of the

solution will be due to the presence of H ions of HCI i.e
[H] = 02M -0.1M =01M
pH = —log[H]

= —log(0.2)
=1

== SOLVED PROBLEM 16. How many moles of HCI will be required to prepare onelitre of abuffer
solution containing NaCN and HCI of pH 8.5 using 0.01 gram formulaweight of NaCN ?
K (dissociation constant) of HCN = 4.1 x 10!
SOLUTION : TherequiredpH = 85
pH = —log[H"]
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[H']

Antilog (- 8.5)
= 3.16 x 10°M.
This buffer solution can be prepared by mixing CN~with HCN in proper proportions.

HCN === H'+CN-

K = [H] [CNT]
v [HCN|
[CNT _ K, _ 41x10" _
o [HCN] = [H] = 316 x 10° ~ 0.1294

Theratio of [CN] to[HCN] can be obtained by mixing asuitable amount of HCI which neutralise
apart of weak base CN™. Let concentration of [HCN] be‘a’ i.e.

[CN] = 001l-a
Then [CN] ~_ 00l-a _ 0.1294
[HCN] a '
or a = 987 x 10°M
Thus [HCN] = 9.87 x 10°M
and [CN7 = 001-987x 10°M
= 1277 x 10™*M
Thusbuffer can beprepared by mixing 0.01 moleof NaCN and 9.87x 10°M HCl in onelitre

of water.
o SOLVED PROBLEM 17. Freshly prepared Aluminium and magnesium hydroxides are stirred
vigorously in abuffer solution containing 0.25 mol lit™ of ammonium chloride and 0.05 molelit™ of
ammonium hydroxide. Calculate the concentration of AlI** and Mg?* ionsin the solution.
K,(NH,OH) = 1.8 x 10°
KSp Mg (OH), = 6.0 x 107
KSp Al (OH), = 6.0 x 10°%
SOLUTION : (i) TocalculatepOH value
Formulausd
[Salf]

[Base]

pOH = pK, + log

Quantitiesgiven
pK, = —log (1.8 x 107°) = 4.7447 [Salt] = 0.25M [Basg] = 0.05M
Substitution of values

POH = 4.7447 + log 22

= 4.7447 + log50%
= 47447 + 0.6990

= 5.4437
(i) To calculatethe concentration of OH~ions.
pOH = —log[OH]
5.4437 = —log[OHT]

[OHT] = Antilog(—5.4437)
3.6 x 10°
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(iii) To calculatethe concentration of AI** and M g% ions.

Al(OH), === AI* + 30H

KJA (OH),] = [A*] [OH]® =60 x 10
Ky [AI (OH),] 6.0 x 1072
or [AF] = 33 = 63
[OH] (36 x1079)
= 1.286 x 105M
Also K Mg (OH),] = [Mg*] [OH]* = 6.0 x 107
Ky, [Mg (OH),]
or Mg#] = 2 — %
[OHT]?
_ 60x 107
(36 x10°9)2
= 463x 10
= 46.3

335

SOLVED PROBLEM 18. What isthe pH of 1.0 M solution of acetic acid ? To what volume must
one litre of this solution be diluted so that the pH of the resulting solution will be twice the original

velue? (Given K_ = 1.8 x 107)
SOLUTION : (i) Tocalculatethe pH of 1.0 M solution of acetic acid

CH,COOH === CH,COO + H*
[CH,COOT [H']
a [CHS(;OOH]
H+
_HT -+ [CH_COOH] = [HY]
[CH,COOH] 3
[H7? = K_x [CH_.COOH]
a 3
[H7? = 1.8x 10°x 1.0
or H*  =4/18x10° x 10
= 4.24 x 10°M
Now pH = —log[H"]
= —log(4.24 x 107
= 23726
(i) To calculatethevolumeof the solution
pH of the diluted solution = 2 x 2.3726
= 4.7452
pH = —log[H'] = 4.7452 = —log, /Ka'
or -U2logK, = 4.7452
or log K, = -9.4904
or K, = Antilog(-9.4904)
= 3233 x 10
K
Concentration of diluted CH,COOH = Ta

3.233 x 1010
1.8 x 105

[CH,COOH],, = 1.7961 x 10°M
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Let V be the volume of the diluted solution.

Applying MV, = MV,
1x1 = 1.79%1x 10°x V
or Voo it
1.7961 x 10°
= 5567 x 10lit

SOLVED PROBLEM 20. Calculate the amount of NH, and NH,Cl required to prepare a buffer
solution of pH 9.0whentotal concentration of buffering reagent is 0.6 mol lit™. (pK, for NH,=4.7)
Alsotakelog2=0.3.

SOLUTION :

Formulausd
[Salt]
[Bas]

pOH = pK, + log
Quantitiesgiven
pOH = 14—pH = 14-9.0 =5.0 pK
Substitution of values

4.7

5 4.7+ | [Salt
= 4.7+ lo
9 [Basg
or log (A 0.3
[Basd] '
= log2
or =
[Base]
L et the amount of NH,Cl be x mol lit™. Then
X
06-x ~ 2
or X = 12-2x
or 33X = 12
= 04moallit?
Thus theamount of NH,Cl = 0.4 mol lit™

0.6-0.4 = 0.2moal lit™

and the amount of NH3
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ADDITIONAL PRACTICE PROBLEMS

1 The dissociation constant of a base at 25 °C is 1.5 x 107%°. Calculate the concentration of hydroxyl ionsin
0.015 M solution. Also calculate its degree of dissociation.

Answer. 1.5x 10 : 0.0001
2. Calculate the pH of the following solution :
(i) 0.0002 M HCI
(i) 01MNH,OH (K =18 x 109)
Answer. (i) 3.6990 ; (ii) 11.13
3. Calculate the hydrogen ion concentration in a sample of blood having pH = 7.4.
Answer. 3.98 x 10°M

4. The concentration of HCN and NaCN in asolutionis0.01 M each. Calcul ate the concentration of hydrogen
and hydroxy! ions if the dissociation constant of HCN is 7.2 x 107,

Answer. [H'] = 7.2 x 10%°M ; [OHY] = 14 x 10°M

5. Calculate the change in pH of 1 litre of buffer solution containing 0.10 mole of each NH,, and NH,CI upon
addtion of

(i) 0.02 mole of dissolved gaseous HCI

(ii) 0.02 mole of dissloved NaOH.

Assuming no change in solution volume K, of NH, = 1.8 x 10°°
Answer. (i) 0.176 unit decrease (ii) 0.176 unit increase

6. A 40.0 ml solution of aweak base, B OH, istreated with 0.1 N HCI solution . The pH values of the solution
arefound to be 10.04 and 9.14 after the addition of 5.0 ml and 20.0 ml of the acid respectively. Find out the

dissociation constant of the base.
Answer. 1.82 x 10°°
7. Whatisthe pH of 0.50 M agueous NaCN solution ? pK, of CN~ is 4.70°

Answer. 11.5
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8. Anagueous solution of aniline of concentration 0.24 M is prepared. What concentration of sodium hydrox-

ideis needed in this solution so that anilinium ion concentration remainsa 1 x 108M ?
+ - —5

(Kafor CyH NH," = 24x 10 )

Answer. 1 x 107

9. K, for ascorbic acid (H Asc) is5x 1075. Calculate the hydrogen ion concentration is an agueous solution in
which the concentration of A Sc”ionsis 0.20 M.

Answer. 5x 10°M
10.  Calculate the pH of a solution made by mixing 50 ml of 0.01 M Ba (OH), solution with 50 ml of water.

Answer. 12



2 8 Salt Hydrolysis

CHAPTER

KEY CONCEPTS AND EQUATIONS

HYDROLYSIS
The reaction of anion or cation with water accompanied by cleavage of O — H bond is called
hydrolysis. In anionic hydrolysis the solution becomes slightly basic due to the generation of excess
OH~ions. In cationic hydrolysis thereis excess of H™ ions which make the solution slightly acidic.
Anionic Hydrolysis A+ H-O-H HA + OH- (Basic Solution)
Cationic Hydrolysis B* + H-O-H BOH + H* (Acidic Solution)
Different salts on hydrolysis give acidic, basic or neutral solution depending upon their nature.
Their hydrolysisbehavior issummarised in Table 28.1.

TABLE 28.1 HYDROLYTIC BEHAVIOUR OF DIFFERENT TYPE OF SALTS

I

Type of Salt Examples Resulting solution
Salt of weak acid & strongbase  CH, COOH, NaCN, €etc. Basic
Salt of weak base & strong acid ~ NH,Cl, AICI.,, FeCl,,, CuSO, Acidic
Salt of weak acid & weak base NH,OOCH,, NH,CN, NH F Basic or Acidic or neutral
Salt of strong acid & strong base  NaCl, KNO,, Na,SO,, etc. Neutral

HYDROLYSIS CONSTANT
The hydrolysis constant, K, of salt of aweak acid and strong base is given by

_ [HAJ[OH]
[A7]

h

RELATION BETWEEN K, K, AND K,

w

kK o R

From the relation it is clear that weaker the acid greater is the hydrolysis constant of the salt.
39
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RELATION BETWEEN HYDROLYSIS CONSTANT AND DEGREE OF HYDROLYSIS
Thedegree of hydrolysisisthefraction of the salt which has undergone hydrolysiswhen equilibrium
is established. It is represented by o and is given by

K
o= w
K.C
To calculate pH value of an aqueous solution of weak acid and strong base.
Theformulaused is

pH = Y2pK, + %2pK + %21logC
Salt of weak baseand strong acid
The hydrolysis constant of a salt of weak base and strong acid is given by
[H7][BOH]

" [B7]
RelationbetweenK K andK
K, _ K
~ h
Kb
The hydrolysis constant K, varies inversely as the dissociation constant, K, of the base.

Relation between hydrolysisconstant and degr eeof hydrolysis

The pH isgiven by
pH = %pK — %2logC + 2pK,
Thevalue of pH will always belessthen 7. Thusthe solution of asalt of weak base and strong acid
will dwaysbeacidic.
Salt of weak acid and weak base
The hydrolysis constant is given by

KW

Kn = K<k,

and the degree of hydrolysisis given by
KW
o =
K, x K,

The pH of the solution is given by

pH = %2pK + %2pK —"2pK,

ADDITIONAL SOLVED PROBLEMS

~ SOLVED PROBLEM 1. Caculate the pH of 0.05 N sodium benzoate solution. K, for
CH.COOH = 637 x 105and K, = 1x 10
SOLUTION :
Formulausd
pH = %pK + %2pK + %2logC
Quantitiesgiven
pK, = —log 107 = 14 C = 0.05 pK_=—log 6.37 x 10°= 4.1958
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Substitution of values
pH

Yo x 14 + Y2 x 41958 + Y2 (1.3010)

7 + 2.0979 — 0.6505
= 8.4474
SOLVED PROBLEM 2. Sodium phenate is hydrolysed to the extent of 0.03%in 0.1 M agueous
solution at 25 °C. Calculatethe (i) hydrolysis constant of the salt and (ii) theionic product of water at
25°C. The dissociation constant of phenol is1.3x 10°at 25 °C.
SOLUTION : (i) Tocalculatetheionic product of water
Formulaused

Quantitiesgiven
o = 0.03 K. =13x10% C =01
Substitution of values

I(W 2
= o
K,x C
K =13x10" x 0.1x(0.03)
w
= 117 x 10
(i) Tocalculatethe hydrolysisconstant
Formulaused K
K, = K

Quantitiesgiven
K, = 117x 10 K, =13x 10°°

Substitution of values
1.17x 10

1.3x10°
0.9x107°
- = 9x10%
" SOLVED PROBLEM 3. A 0.02 M solution of sodium acetate in water at 25 °C has a hydrogen
concentration of 3 x 10° M. What is the hydrolysis constant of the salt ?
SOLUTION: (i) TocalculatetheK _ of theacid
Formulausd

+71 — w Na +12 KwKa
[H] = or [H]" =

Quantitiesgiven
H] = 3x107° K = 1x10* C = 0.02
w
Substitution of values

,  10Mx K
@x10%) = ——=
002
9% 108 x 0.02
or K = —————— = 18x10°

: 10
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(i) Tocalculatethehydrolysisconstant of sodium acetate.

Formulaused K

K, = K
Quantitiesgiven

K, = 10™ K, = 1.8 x10°

Substitution of values 104

K, = ———

1.8 x 10°
= 55 x 10

— SOLVED PROBLEM 4. Calculate the pH of a decinormal solution of ammonium chloride.
(pK,=5.7 and pK =14).
SOLUTION :
Formulausd

pH = %2pK + %2 pK - %2logC
Quantitiesgiven

pK, =57 pK, = 14

Substitution of values

pH = 7 + % x 5.7 — %log 0.1
7+ 285 —-% (-1
7+285+05

- =10.35
= SOLVED PROBLEM 5. The dissociation constant of acetic acidis 1.8 x 107 at 18 °C. Theionic

product of water is 10 at 18 °C. What would be the degree of hydrolysisin a0.012 N solution of

sodium acetate?
I‘<W
(x = —
Ka x C

SOLUTION :
Formulaused

Quantitiesgiven

K, = 10" K, = 18x10° C =0.012
Substitution of values
10—14
(x = ——————————————————————
1.8x10°x0.012
= \/ 4.623% 107
= 6.799 x 10°

— SOLVED PROBLEM 6. Calculate the degree of hydrolysis of sodium acetate. Dissociation
constant of acetic acid is 1.8 x 107 and lonic product of water is1 x 1074

SOLUTION :

Formulausd K
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Quantitiesgiven
K, = 1x 10
Substitution of values

~
1

1.80x 10° c=01

\/ 1.0x10%
= 1.8x105%0.1
\[555 x 107

- 7.45 x 107
= SOLVED PROBLEM 7. Calculate the percentage of hydrolysis of sodium acetatein 0.1 N solu-
tion at 25 °C using the following data. It is to be assumed that the salt in completely dissociated.

K,=18x 10°°; K,=1.02x 107,
KW
(X =
v K,xC

R
|

SOLUTION :
Formulaused

Quantitiesgiven

K,=102x 10™* K, = 18x10° c=01
Substitution of values
1.02x10*
o = e
1.8x10°x0.1
= 7527 x 10°

SOLVED PROBLEM 8. The dissociation constant of ammonium hydroxide and hydrocyanic acid
are respectively 1.8x107° and 7.2 x 10~ and the ionic product of water is 1 x 10* Calculate the
degree of hydrolysis and hydrolytic constant for ammonium cyanidein 0.01 M solution.

SOLUTION :
K
o = _
V K, xK,
Quantitiesgiven

Formulaused
K,=1x10™" K

Substitution of values

18x 10° K, = 7.2x 107

10x10™
= 18x10°x7.2x 107
4/ 7.716x 10*

2777 x 107

R
1 |

SOLVED PROBLEM 9. A 0.02 molar solution of sodium acetatein water at 25 °C isfound to have
ahydrogen ion concentration of 3.0 x 10~ gram ion weight per litre. What is the hydrolytic constant
of thesalt ? (K = 1x107).
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SOLUTION :
(i) Tocalculatethevalueof Ka
Formulausd
pH =%pK, + %pK, + % logC
Quantitiesgiven
pH = —log[H'] = —log (3x 10°) =8.523 C=0.02m
Substitution of values

8523 = 7+ Y% pK + % log(0.02)
a
= 7+ % pK, + ¥ (-1.6990)
pK, = 2x( 8523 — 7 + 0.8495)
= 4.745
or K, = Antilog (4.745)
= 1.80x10°
(if) Tocalculatethehydrolysisconstant
Formulausd
KW
K = K,xC
Quantitiesgiven
K,=1x 10" K, = 180x 10° C= 002

Substitution of values

K = 1x 10
ho 1.80 x 105 x 0.02

A/ 2.777x 10

e = 1666x 10*
™ SOLVED PROBLEM 10. Calculate the hydrolysis constant, degree of hydrolysis and pH value
of 10°M NH,Cl solution at 290 K. (K, =1.8x 10 andK = 1.0x 10™).

SOLUTION :(i) To calculatethe hydrolysisconstant

Formulaused
KW
K =
h Kb
Quantities given
KW = 10x10* Kb = 18x10°
Substitution of values
1.0x10™
Kh = 5
1.8x 10"
= 555x10™°

(if) To calculatethedegreeof hydrolysis
Formulausd
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Quantitiesgiven

K =1x10% K
w b

Substitution of values
B 1x 10
% = N 1gx10°x 102

A/ 5:555x 10
2.357x 10°*

1.8x10° C =107

(ili) TocalculatethepH
pH = %pK, - %2pK + %21logC
Quantitiesgiven
pK, = 14 pK, = —log1.8x 10° = 4.7447 C =102
Substitution of values

pH Yo x 14 — Y2 (4.7447) + Y2 log 1072
7-2.37235+ Y (=2)
3.62765
SOLVED PROBLEM 11. The hydrogen ion concentration of 0.02 sodium acetate is found to be
30x 10°M at 25°C. Calculate the hydrolysis constant of thissalt. K _=1.0x 107,
SOLUTION: (i) TocalculateK  of theacid

Formulaused

pH = % pK , +% pK +% logC
Quantitiesgiven
= 9\ — — —14y — — — —2
pH = —log (3.0x 107 = 8,523 pK, = —log (1 x 107°) = 14 C=0.02M = 10“M
Substitution of values

8523 = Ybx 14+ % pK_+ % log10?

8523 = 7+ pK_+ ¥ (-1.6989)

or pK, = 2x (1.523+0.84945)
= 4.7449
or K, = Antilog (—4.7449) = 1.799x 107
(i) Tocalculatethe hydrolysisconstant
Formulaused
KW
K, = K
Quantitiesgiven
K, = 1.0x 10 K, = 1.799x 10°
Substitution of values
o 1x 107
h " 1.799%10°
= 555x107%
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SOLVED PROBLEM 12. Calculate the hydrolysis constant and degree of hydrolysis of 0.1M
sodium acetate solution. Given: K =1.0x 10" and K_ = 1.75x 10
SOLUTION: (i) To calculate hydrolysisconstant

Formulaused
KW
K, = "
Quantitiesgiven
K, = 1.0x o™ K, =175x% 10°
Substitution of values
1.0x10™
K = ———=
h 1.75x 10
= 571x10%
(i) Tocalculatethehydrolysisconstant
Formulaused
Kh
o = _—
C
Quantitiesgiven
K, =571x10" c=01
Substitution of values
5.71x107%°
o = 01
- = 755 x10°

SOLVED PROBLEM 13. Calculate the percentage hydrolysis of sodium acetatein 0.2 M solution at
25°C assuming the salt is completely dissociated. K_ for aceticacid = 1.8x 10°and K =1.0x10™.

SOLUTION :
KW
- K, xC

Formulaused
1.8x10° C=02M

1x 10
o = 1.8x10°x0.2

\ 2.777x 107

5.27x 107
% Hydrolysis = 5.27 x 10°x 100
527x10°%

Q
|

Quantitiesgiven
K,=10x10™" K
Substitution of values

~ SOLVED PROBLEM 14. Calculate the pH at the equivalence point when a solution of 0.10M acid
istitrated with asolution of 0.10 M sodium hydroxide. K_ for acetic acid = 1.9 x 1075,




= 5 - 14
Kuyon =175x10° and K, =1x10™

SOLUTION : (i) Tocalculate pH value
Formulaused

pH

Quantitiesgiven
pK, = —logK =—log 1x10™ = 14
Substitution of values

pH
(i) Tocalculatethe hydrolysisconstant
Formulaused

K
Quantitiesgiven

K,=1x 10

Substitution of values

K

Formulaused
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SOLUTION :
Formulaused
pH = % pK + %2 pK + %2 logC
Quantitiesgiven
_ _ _ o _ 01M _
pK,, =14 pK, = —log K_=1og (1.9x107) = 4.7212 = 5 =0.05M
Substitution of values
pH = %x14+% x4.7212+ % log 0.05

7+2.3606 — 13010

8.7101

SOLVED PROBLEM 15. Caculate the pH and hydrolysis constant of 0.05 M NH,Cl solution.

V2 pK, — Y2 pK, — %2 logC

pK, = —log K, =— logl.75 C=0.05M
Y x 14— Y2 x (4.7569) —%210g 0.05
7-2.37845—(-1.3010)

5.92255

K, =1.75x10°

1x 10

1.75x 107

5.714x 107

SOLVED PROBLEM 16. Calculate the degree of hydrolysis and pH of 0.02M solution of sodium
acetate. Hydrolysis constant of sodium acetate is 5.6 x 1072°.
SOLUTION: (i) To calculatethe degreeof hydrolysis
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Quantitiesgiven

K, =5.6x 10 C =0.02M
Substitution of values
_ 5.6 x 10
o = 0.02
= \/ 2.8x 10°
= 167x 10*

(i) Tocalculatethe pH of the solution
Formulausd

pH = % pK + %2 pK + %2 1logC

Quantitiesgiven

_ _ _ KW _ 10—14
pK, = 14 pK,=—log K =—log =—-log ——
K, 5.6x 1071
C =0.02M =—10g1.786 x 107° =+ 4.7482

Substitution of values

pH Yo x 14+ Y% (+4.7482) + Y2 1og (0.02)

= 7 +2.3741+ Y (-1.6990)
= 9.3741-0.8495
8.5246
SOLVED PROBLEM 17. Calcium lactate is a salt of aweak organic acid and represented by Ca

(Lac),. A saturated solution of Ca(Lac), contain 0.13 mol of thissalt in 0.5 litre solution. The pOH of
this solution is 5.60. Assuming complete dissociation of the salt, calculate K_ of Lactic acid.

SOLUTION :

Theequilibriumreactionis

Ca(Lac), === C&" + 2Lac

Initial conc. 0.13M x 2 0 0
Equilibrium conc. 0 013 M x2x2
Formulaused

pH = %2 pK + %2 pK_ + %21logC
Quantitiesgiven
pK, = 14 pH = pK —p,, = 14 - 560 = 84 C=052M
Substitution of values
8.40

Ve x 14 + %2 pK + %2 log 0.52
7+ Y2 pK + Y% (-0.2840)
Y2 pK, =840 -7 + 0142
pK, =2x1542 = 3.084
or K, = Antilog(-3.084)
= 824 x 10
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SOLVED PROBLEM 18. Calculate the pH of 0.50 M agueous NaCN solution. pK, of CN~is4.70.
SOLUTION :

Formulaused
pH =% pK +% pK +% log C

Quantitiesgiven
pK, = 14 pK, = 14 — pK, =14 — 470 = 9.30 C=050M
Substitution of values

pH =% x14 + % x9.30 + ¥ log 0.50

7 + 4.65 + 1 (-0.3010)

11.65 —0.1505
11.4995

SOLVED PROBLEM 19. Calculate the percentage of hydrolysis of 0.003 M agueous solution of
NaOCN.
K, for HOCN = 3.33x 10

SOLUTION :
Formulaused
KW
“ = YK xC
Quantitiesgiven
K, = 1x 104 K, = 3.33x 10 C =0.003M

Substitution of values

1x 1074
o = 3.33x10%x0.003

4 1.0x10®

= 1.0x10*
% age of hydrolysis = 1.0x 10™%x 100
[ = 1.0x107?

SOLVED PROBLEM 20. K_ for ascorbic acid (HAsC) is 5 x 10°°. Calculate the hydrogen ion
concentration and percentage of hydrolysis in agueous solution in which the concentration of Asc™
ionsis0.02 M.

SOLUTION : The equilibrium reactionis

Asc” + H,O HAsc™ + OH™
Initial Conc. 0.02 0 0
Equilibrium Conc. 0.02 — x X X
(i) Tocalculatetheconcentration of H*.
Formulaused . [HAs [OH] 2

h = [AsC] T 002-x
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Quantitiesgiven
K 1x10™
K = = = 2x107%
h K, 5x10° X
Substitution of values
2
2x10%° = 0X02 (neglecting x in denominator)
X2 = 2x10%%x 0.02
or X =4 4x102
= 2x10°
[OH] = 2x10°
K 1x 10
and H] = —— = = 5x10°M
[H] 2x10°  2x10°
(if) Tocalculatethedegreeof hydrolysis
. 2x10°
Percentage of hydrolysis = X x 100
0.02
= 0.01%

ADDITIONAL PRACTICE PROBLEMS

1. 20ml of 0.1 M NaOH solution is added to 100 ml of 0.1 M solution of acetic acid calculate the pH of the
buffer solution ( K_for CH,COOH = 1.8 x 10°°)
Answer. 4.423

2. How many moles of sodium propionate should be added to the litre of an aqueous solution containing
0.02 mole of propionic acid to obtain a buffer of pH = 4.75 ? What will be the pH if 0.01 mole of HCI
is added ?
Answer. 1.52 x 102 M ; 4.11

3. 20ml of 0.2 M NaOH solution be treated with 40 ml of 0.2 M acetic acid solution to give 70 ml. Calculate
the pH of the solution.
Answer. 4.5684

4. ThepH of 0.1 M HCN solution is 5.2. Calculate the value of K_ for HCN.
Answer. 39.7 x 10°%

5. How many gram mole of Cl will be required to prepare one litre of a buffer solution of NaCN and HCN of
pH 8.5 using 0.01 gm formulaweight of NaCN ?
Answer. 0.0089 M

6. What happensto the pH of 500 ml of solution that is0.1 molar in sodium acetate and 0.1 molar in acetic acid
when 10 ml of 0.1 M NaOH is added ?
Answer. pH will increase

7. Cdculate the percent hydrolysis of 0.1 M hydrazine hydrochloride if the basic ionization constant for
hydrazine (NH, —NH,) is 9.6 x 10™".
Answer. 0.032%
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Calculate the pH at the equivalence point when a solution of 0.10 M acetic acid is titrated with a solution
of 0.10 M NaOH. K_for acetic acid is 1.9 x 10°°.

Answer. 8.71

Calculate the hydrolysis constant of sodium acetate and degree of hydrolysis in 0.001M solution. Also
calculateits pH value. Given K_ for acetic acid = 1.75x 10° and K for water = 1x 107,

Answer.5.7x 1070 755x 10™*: 7.88

Calculate the hydrolysis of KF. Determine the degree of hydrolysisof saltin 0.01 M solution. Also calculate
the pH of the solution. K_(HF) = 1.6 x 107

Answer. 1.5x 10 ; 3.87x 107°; 7.59

The pH of a0.1 M solution of NH,Cl is 5.127. Calculate the degree of hydrolysis and hyrolysis constant
of NH,Cl.

Answer. 7.46 x 107°; 556 x 107%°

Calculate the percentage hydrolysis of sodium acetate in 0.1 N solution at 298 K, assuming the salt to be
completely dissociated. (K, for Acetic acid = 1.8 x 10™)

Answer. 0.0075%

Calculate the degree of hydrolysis of potassium acetate is 0.1 M solution. Also calculate the pH of the
solution if K_ for CH,.COOH is 1.8 x 10°°.

Answer. 7.5x 107 ; 8.88

Calculate the degree of hydrolysis of a mixture of aniline and acetic acid in 0.1 M solution.

(K,=18x 10° and K,=4.6x% 1079

Answer. 0.523

The concentration of H* ionsina0.2 M solution of HCOOH is 6.4 x 10~ molelit™. To this solution sodium
formate is added so as to adjust the concentration of sodium formate to be 1 molelit™. Calculate the pH of
the solution. K, for HCOOH = 2.4 x 10~ and degree of dissociation of HCOONa s 74%.

Answer. 4.18
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CHAPTER

KEY CONCEPTS AND EQUATIONS

REDOX REACTION

A reaction in which loss of electrons (oxidation) and gain of electronstake place simultaneoudly is
called Oxidation-Reduction reaction or Redox reaction. The half reaction that occurs by oxidation is
called oxidation half reaction and the second half that occurs by reduction is called reduction half
reaction.
ELECTROCHEMICAL CELLS

A device for producing an electrical current from achemical reaction (redox reaction) is called an
electrochemical cell. It consists of two half cellsjoined together with the help of asalt bridge. The emf
of acell isgiven by

Ecell = Ecathode - Eanode
= ER - EL

where E, and E,_are the reduction potentials of right and |eft cells respectively.
RELATION BETWEEN EMF AND FREE ENERGY

When acell producesacurrent, the currents can be used to do work. The maximum amount of work,
W__, obtainable from the cell by

- W_= —nFE
where nisthe number of electronstransferred and is equal to the valence of theion participating in
the cell reaction, F stands for Faraday and is equal to 96500 coulombs and E isthe EMF of the cell.
THE NERNST EQUATION
Nernst derived a mathematical relationship which enables us to calculate the half cell, E from the

standard electrode potential, E°, with the help of the following relation.

E = E°— m |()gK
nF

where K isthe equilibrium constant for the half-cell reaction.
For the reaction

M™ + ne M

Nernst equation becomes
2.303RT | [M™]

nF [M]

E=FE-

32
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The concentration of solid metal [M] is equal to zero.

Thus E=E- @ log[M ™]
n

CONCENTRATION CELL

Cell potential depends on the concentration of the electrolyte. Thus a cell can be constructed by
pairing two half cellsin which identical electrodes are dipping in solutions of different concentrations
of the same electrolyte. Such acell is called concentration cell.

The emf of aconcentration cell is given by

2.303RT C,

Ea = pr= log C,

00591 C,

or E. = - log C,

DETERMINATION OF pH
A half cell is set up with the test solution as electrolyte. The emf of the cell depends upon the
concentration of H* ionsor pH of the solution. Theemf of the half cell isdetermined by coupling it with
another standard half-cell and measuring the emf of the complete cell. The equations obtained by using
different electrodes are asfollows:
(i) Using Hydrogen electrode

E
E  =0.0591x pH or H= ¢l
! g P 00591
(i) Using Standard calomel
E,, — 0245
E,, = 0.2415 + 0.0591 x pH o pH = — oo
(iif) Using Quinhydrone electrode
0.4581-E
E, =0.6996+0.0591 x pH —0.2415 or pH = oL

ADDITIONAL SOLVED PROBLEMS

SOLVED PROBLEM 1. Cdculate the emf of the following cell

Sn|sn*, 0.75N||Sn™, 0.5N | Sn

SOLUTION :
Formulaused

Quantitiesgiven
n=2 C,= 05N C,=0.75N
Substitution of values

00591 05
E = =2—"""" |o
cel 2 9 075
00591 o 2
-T2 973
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= 0-0291 x (~0.1760)

= —0.0052
SOLVED PROBLEM 2. The emf of the cell set up as under was found to be 0.1182 volt at 25 °C.
Calculatethe solubility of AgCl.

Ag | Saturated Solution of AgCl || AgNO, (0.001 N) Ag

SOLUTION :
Formulaused
C
E, = 0'0:]591 log —j
Quantitiesgiven
E, = 01182V C, = 0.001 n=1

Substitution of values
01182 = Q0591,,, 0001

n Cl
or log 0001 _ 01182
C, 0.0591
= 2
or 00n _ antilog 2
Cl
= 100
or c = 0.001
. 100
= 1x 10° gmoal?

Solubility, C, = 1 x 10°x 1435 glit™
1.435 x 102 glit™

SOLVED PROBLEM 3. The emf of the following cell,
Hg | Hg,Cl, KCI (Sat) || H* (a)) Quinhydrone | Pt
was found to be 0.228 volt at 25 °C. Calculate the pH of the solution. (E o = 0.2415\0olt)

SOLUTION :
Formulaused
0.4581 - E_,
pH = ———=
0.0591
Quantitiesgiven
E. = 0228V
Substitution of values
0.4581 — 0.228
pH = 00891

= 3.89
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SOLVED PROBLEM 4. The emf of the cell set up by using an acid solution, standard calomel
electrode and quinhydrone el ectrode, was found to be 0.1595 volt at 25 °C. Calculate the pH of the acid
solution. (emf of standard calomel electrode = —0.2440V and emf quinhydroneelectrode = —0.6990 V)

SOLUTION :
Formulaused
B 2.303RT
Eoi = EQ+— - PH | — B
Quantitiesgiven
EQ+ = 0.6990V Eoe = —0.2440
2303RT
= 0.0591 E, = 0.1595

Substitution of values

0.1595 = [0.6990 — 0.0591pH] — 0.2440
0.1595 = 0.6990 — 0.0591 pH — 0.2440
0.1595 = 0.4550 — 0.0591 pH
_ 04550 — 0.1595
or pH = —————
0.0591
=5

SOLVED PROBLEM 5. Calculate the single electrode potential for copper metal in contact with

0.1 M Cu* solution. E° 20, 15034 volt.
SOLUTION :
Formulaused
0.0591

E = E°- log [Cu?']

Quantitiesgiven
EoCu2+/Cu: 034V [Cu*] = 01M n=2

Substitution of values

E = 03av— 2% 501

0.34V — 0.02955 x (—1)
I = 0.36955V
 SOLVED PROBLEM 6. Hydrogen electrode and normal calomel electrode when immersed in a
solution at 25 °C showed a potential of 0.664 V. Calculate the pH of the solution.
SOLUTION :

Formulaused

Ecdl

0.2415 + 0.0591 x pH
Quantitiesgiven
E

cell
Substitution of values

0664V = 02415 + 0.0591pH = 266402415 _ 7, 4q9
00591

0.664 V
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SOLVED PROBLEM 7. What will bethereaction in the cell which is made by combining standard
Cd half cell with standard Cu half cell ? Also calculate the emf of the cell. The standard oxidation
potential of half cellsare 0.453 and—0.337V.
SOLUTION : The cell reactions are

Cu — Cu*+ 2
Cd +2¢&¢ — Cd
Net Reaction: Cd* + Cu —— Cu¥ + Cd

Formulausd
E., = Reduction potential of cathode — Reduction potential of anode

Quantitiesgiven

Reduction potential of cathode = -0.337V

Reduction potential of anode = 0453V
Substitution of values

E, = —-0337V-0453V
= -0.790V

= SOLVED PROBLEM 8. Calculate the emf of the cell :

Ag, | Agi@@=01) Il zr*@@a=01) | zng

Given E"Ag/Ag+ = 0.799V E°, 7y, = 0.763V
I's the reaction spontaneous ?
SOLUTION :
Formulaused
EMF ofthecell = E.-E

Quantitiesgiven
E,=—-0.763V E = 0799V

Substitution of values
EMF of the cell

—0.763V — (0.799V)
—-1562V
|__Sincetheemf of thecell isnegative, thereaction isnot spontaneous.

SOLVED PROBLEM 9. Calculate the free energy change of the following cell at 25 °C.
sn | s@s5N) Il P*@03N) | Po

The standard emf of thecell is0.14 V.
SOLUTION :
Formulaused
AG = -nFE
Quantitiesgiven
n=2 F = 96500 E=014V
Substitution of values

>
®
I

2 x 96500 x 0.14J
27020 J
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SOLVED PROBLEM 10. When hydrogen electrode and normal calomel electrode areimmersedin
asolution at 25 °C, apotential of 0.624 is obtained. Calculate the pH of the solution.
SOLUTION :

Formulausd
E . — 02415
PH = —“oomr—
0.0591
Quantitiesgiven
E, = 0624V
Substitution of values
_ 0.624 — 02415
PH = oo
= 6.47

SOLVED PROBLEM 11. The standard reduction potential of Cu®/Cu and Ag*/Ag electrodes
are 0.337 and 0.799 volt respectively. Construct a galvanic cell using these electrodes so that its
standard emf is positive. For what concentration of Ag* will the emf of solution at 25 °C be zero if the
concentration of Cu?* is0.01 M ?

SOLUTION : (i) To calculate the emf of the cell
The cell would be
2+ +
Cu | cu, [l Ag(aq)IAg

and the cell reactions are

LHE: Cu — Cuz*(aq) + 2e E° =0337V

RHE: Ag+(aq) + e — Ag E° = 0.799V
The net cell reactionis

+ 2+
Cu+2Ag(aq) —> Cu (aq)+2Ag

EMF of thecell is

EMF = E°R.gh[— S
= 0.799V - 0.337V
= 0462V
(ii) To calculatethe concentration of Cu®* ions
Formulausd
00591 2+
Bl = EoCdI_ lo o]
n [Ag']?
Quantitiesgiven
— — 241 — —
E,=0 n=2 [Cu*] = 0.01 M E°, = 0462V
Substitution of values
0 = 0462V — 00591 log oo
[Ag]?
or o 001  2x0462
9 1ag? T "~ oosat

= 14.9577
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or 001 _ Antilog14.9577
[Ag']?
= 9.072 x 10
or Ag] = \/ 001
9.072 x 10*

= 1[1.099 x 107
A [ 10.099 x 1078

- 3.178 x 10° M

" SOLVED PROBLEM 12. Zinc granules are added in excess to 500 ml of 1.0 M nickel nitrate
solution at 25 °C until the equilibrium is reached. If the standard reduction potential of Zn?*/Zn and
Ni%*/Ni are—0.75V are—0.24 V respectively, find out the concentrations of Ni?* ionsin the solution

at equilibrium.
SOLUTION : (i) To calculate the emf of the cell
Formulaused
Ecell = Eright_ ELeft
= (-0.24V) — (-0.75V)
= 051V
(ii) To calculate the concentration of Ni%*ions
Formulaused
00591 [Zn?]
Eat = B — o log [Ni2]

Quantitiesgiven
E., (atequilibrium) = 0 E°, =051V n=2
Substitution of values

00591 [zZn?]

0 0.51 - I
n Og [N|2+]

[Zn*] _ 2x051

or log

[NiZ] 00501
= 17.2589
[Zn*] .
or (N7 = Antilog 17.2589

1.815 x 10"
L et x be the concentration Ni?* at equilibrium, we have

2+ + H
ng+ NSy = Zn* + Nig
At Equilibrium X 1-x
1-x
or Z = 1.815 x 10Y
or X = 551 x 1078
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" SOLVED PROBLEM 13. For the galvanic cell

Ag |AgCl JKCI(02M) || KBr(0.001M)AgBr | Ag

Calculate the emf generated and assign correct polarity to each electrode for a spontaneous pro-
cessafter taking into account the cell reaction a 25°C. K_AgCl = 2.8x 10° 10 K,AgBr = 3.3x 105,

SOLUTION : The cell reactions are

Anode : Ag+ClT — AdCl +¢e

Cathode : AgBr + & —— Ag + Br-

Net Reaction:  AgBr + CI~ —— AgCl + Br~
Formulausd

Eceu = Eright - Eleft
= 2= 28 g iag7 | - |- 22 10g[Ag]
nF nF
Quantitiesgiven
K_ (AgCl) -10
[Ag'] inleft hand electrode = Sp[CI‘] - 28 2210 = 1.4 x 10°mol lit*

K_ (AgBr 13
[Ag™] inright hand electrode = Sp(_g) - 383x107 _ 334 10®mallit
B 0001
n=1

Substitution of values

- 2.303 10 2303 9
Eq = |: - Iog3.3><1(T:| - |:E°— Iogl.4><1(T:|

nF

nF
—9
_ 00591 log 14 x 10
1 33 x 10
= —-0.037V

_Si ncekE_, is —ve, thecell reaction isnon-spontaneous. The reverse reaction will be spontaneous.

SOLVED PROBLEM 14. The standard reduction potential for the half cell

_ + _
. NOJ g * 2H iy * € > NO,, + H0
i1s0.78 V.

(i) Calculatethereduction potential in8 M H*.

(i) What will be the reduction potential of the half cell in neutral solution? Assume all other
species to be at unit concentration.

SOLUTION : (i) To calculatethereduction potential in 8M H™.

Formulaused
0029
E =E°- log K
NO,] [H.O
where K = %
Lo [NO] [H7]
Quantitiesgives
E° = 0.78V n=1

[H] = 8M
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Substitution of values

00591 1
E =078 1 log @7
= 0.78 — 0.0591 x (—1.806)
=0.78 + 0.1067
= 0.8867 V
(if) Tocalculatethereduction potential of thehalf cell in neutral Solution
Formulausd
E - - 0.0591 log 1
1 [H1]

Quantitiesgiven

E° = 0.78V n=1 [H] = 107
Substitution of values
078 9B o 1L

1 (1072

0.78 — 0.0591x 14
0.78 — 0.8274
b = —-0.0474
[ SOLVED PROBLEM 15. The Edison storage cell is represented as

| KOH

m
1

Fe | FeO o

The half cell reactionsare

Ni,O, , + H,0, + 26 —— 2NiO + 20H" E° = 0.40V
FeO  + HO +2 —— Fe  +20H E°=-087V

(i) What isthe cell emf ?
(if) What isthe maximum amount of electrical energy that can be obtained from onemoleof Ni,O, ?

@ Il NizO o INi g

SOLUTION : (i) To calculate the cell emf

Formulausd
o 00591 [Products]
Ew = Bw — lo
n [Reactants]
Quantitiesgiven
B = B rose — Elanoge = 040 — (=0.87) = 1.27V n=1
[Products] = 1 [Reactants] = 1
Substitution of values
_ 0.0591
E, =127V - log 1
=127V

(i) To calculatethemaximum amount of electrical ener gy that can be obtained from one
moleof Ni,O,?
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Formulaused
W, = nFE
Quantitiesgives
n=2 F = 96500 E=127V
Substitution of values

=
1

2 x 96500 x 1.27
[ 2451 x 105J
" SOLVED PROBLEM 16. Calculate EMF of the following cell at 20 °C ;

Zn |zn* (@a=0.0004) || cd*(a=02) | cd

E°for Zinc and Cadmium electrodes are—0.76 and — 0.40 volts respectively.

SOLUTION : The cell reactions are

AtAnode : Zn —— Zn* + 2e

AtCathode : Cd* +2¢¢ —— Cd

Net Reaction: Zn + Cd® —— Cd + zn*
(i) Tocalculate E° of thecell
Formulausd

Eocd = Eorighl - E0|en

Quantitiesgiven

E°righ[ = -0.40 E°y = —0.76
Substitution of values

E°, = —-040-(-0.76V)
= 036V
(if) Tocalculate EM F of thecell
Formulaused
Zn2+
E, = B, - 00591 o [Zn~]
n [Cd™]
Quantitiesgiven
E°, =036V n=2 [zn**] = 0.0004 [Cd*] = 0.2

Substitution of values 00591 0.0004
0.36 — — log —
cell 2 9 02

0.36 — 0.02955 log 0.0002

0.36 — 0.02955 x (—2.6989)

0.36 + 0.07975

0.4397V

SOLVED PROBLEM 17. An excess of liquid mercury is added to an acidified solution of 1.0 x
10°M Fe*. Itisfound that 5% of Fe** remains at equilibrium at 25 °C. Calculate E°, 211 ESSUMING
that the only reaction that occursis

2Hg + 2Fe* ——  Hg?* + 2Fe®
2= 077V

Fe*'IFe

m
1

Given E°
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SOLUTION : The cell reactionis
2Hg + 2Fe* —— Hg?» + 2F&

Initial conc. 1.0 x 10°M
Equilibrium conc. 0.05 x 10°M 0.95x 107 0.95 x 10°M
Formulaused 2
0.0591 Hg,*] [Fe*]?
E = |:E0Fe3+/Fe2+ - EOHgZ/Hg }_ n log [ gZ[F]eaf] 2 ]
Quantitiesgiven
0.95x10°°
EOFe‘"’*/FeZ* =077V n=2 [H922+] - —2
[Fe*] = 0.95x10°° [Fe*] = 0.05x 103 E=0
Substitution of values
3
—0‘95: 10 (095x 109
E = [0.77— =3 sz} QOB g
9, Mg 2 (0.05x 103)?
Bty = 077~ 0.02955 log 0.00857
- = 0.831V

ADDITIONAL PRACTICE PROBLEMS

1

Calculate the maximum possible electric work that can be obtained from the following cell under standard
conditions at 25 °C

+ 2+
zn |z Il cu, T cu

Given E° 2. = -0.76V E® 2 = 034V

zn 1Zn Cu™ /Cu
Answer. —212.3 kJmol™
A Galvanic cell consists of metallic zinc plate immersed in 0.1 M zinc nitrate solution and lead plate in 0.02
M lead nitrate solution. Calculate the emf of the cell at 25 °C. Write the chemical equations of the electrode

reactions. E"an+ o = —0.76V, E"sz+/Pb = -0.13V
Answer. 0.6095V
For acdl

Ag | AgNO, (0.01M) [l AgNO, (1OM) [Ag

(a) Calculate the emf at 25 °C

(b) Will the cell generate emf when two concentrations become equal.

Answer. 0.1184 V , No

Calculate the standard electrode potential of Ni%*/Ni electrode, if the cell potential of the cell

Ni | Ni% (0.01M) || cu?* (0.1M)]| Cu
iS0.59 V.

Answer. —0.2205V
Calculate the emf of the cell
crle o1m) |l Fe (0.01Mm) | Fe

Given E° s = 075V E° 2. = -045V

Cr/Cr Fe /Fe

Answer. 0.2607 V
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Determine the equilibrium constant of the following reaction at 298 K
2Fe** + Sn = 2F& + Sn™
From the obtained value of equilibrium constant predict whether Sn?* ion can reduce Fe** to Fe?*
quantitatively or not.
Answer. 1.4215 x 10*
The following reaction takes placein the cell
Zn g + Co* === Co + Zn*
Write down the el ectrode reactions and cal cul ate the standard emf of the cell. Given that
B, 2 = 076V, E° 2 = 028V
Answer. 048V
Consider the cell

Zn| an’zaq) 01M || Cuz’zaq) 1M | Cu

The standard reduction potentials are 0.35 V for
Cu(aq) +2& —— Cu
and—-0.763V for
an"(aq) +26 ——> Zn
(i) Write down the cell reactions
(ii) Caculate the emf of the cell
(iii) Is the cell reaction spontaneous or not ?
Answer. 1.113, spontantaneous
A cell contains two hydrogen electrodes. The negative electrode is in contact with solution of 107° M
hydrogen ions. The emf of the cell is 0.118 volt at 25 °C. Calculate the concentration of H* ion at positive
electrode?
Answer. 1x 10*M
The standard reduction potential of Ag*/Ag electrode at 298 K is 0.799 V. Given that for Ag |, KS'D =8.7x
10", evaluate the potential of the Ag*/Ag electrode in a saturated solution of Ag |
Answer. 0.325V
The standard reduction potential at 25 °C of the reaction
2H,0 + 2 S 20H™ + H,
is—0.8277 V. Calculate the equilibrium constant for the reaction :
2H,0 === H,O + OH a25°C
Answer. 1x 10
Calculate the emf of thefollowing cellsat 25 °C

€) Mg, | Mg® (0.00LM) || Cu* (0.000LM) | Cu g
(b) Fe(s)l Fe* (0.00M) || H* (1 M) | H,(1am) Pt
Given E g = — 237V, E° 2o, = 034V, E° s, =-044V

Answer. (a) 2.6805V (b) —0.5286V

Calculate the emf of a cell containing two hydrogen electrodes, the negative one is in contact with 10° M
OH™ ions and the positive one is in contact with 0.05 M H*.

Answer. 0.395V



30 Photochemistry

CHAPTER

KEY CONCEPTS AND EQUATIONS

PHOTOCHEMICAL REACTION

A reaction which takes place by absorption of visible and ultraviolet radiations is called a photo-
chemical reaction and the branch of chemistry which deals with the study of photochemical reactions
is called Photochemistry.

LIGHT ABSORPTION

When light is passed though a medium, a part of it is absorbed. The photochemical reactions are
caused by the absorbed light. The intensity of radiation can be defined as the number of photons that
pass across a unit areain unit time. Mathematically,

where N isthe number of incident photons, dN, isthe number of photons absorbed in thickness dx,
| is the intensity of incident light, —dl is the reduction in the intensity of incident light, and b is
proportionately constant called absorption constant.

Whenx = 0, | = I Onintegration we get

I =1,(=bx)

or In (IL) = —bx

Thisrelationshipiscalled Lambert L aw.

This equation was extended to solution of compounds in transparent solvent and takes the form

In (IL) = eCx

wherecisthemolar concentration, € isaconstant characteristic of the solute called the absorption
coefficient. Thisnew relationship iscalled L amber t-Beer L aw.
LAWS OF PHOTOCHEMISTRY

Grothus-Draper Law
According to this law it is only the absorbed light radiations that are effective in producing a

A
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chemical reaction. Thislaw is purely qualitative in nature. It gives no idea of the relation between the
absorbed radiation and molecules undergoing change.
Sark Einstein Law

According to thislaw each molecule of the reacting substance absorbs a single photon of radiation
causing the reaction and is activated to form the product in a photochemical reaction.
QUANTUM YIELD OR QUANTUM EFFICIENCY

The number of moleculesreacted or formed per photon of light absorbed iscalled Quantumyield. It
is denoted by ¢ so that

No. of moleculesreacted or formed
¢ No. of photons absorbed.

THE ENERGY OF PHOTONS : EINSTEIN

The energy of aphoton (or quantum), E, is given by the equation

hv
A
where hisPlanck's constant ( 6.625 x 107" ), visthe frequency of radiation, A isthe wavelength
of radiation and cisthevelocity of light (3.0 x 10%° cm sec™) Theenergy, E, of an Avogadro's Number
(N) of photonsisreferred to as one einstein. That is

E = hv=

E = Nhc
A
Substituting N = 6.02 x 10% h = 6.625 x 10%" and ¢ = 3.0 x 10°cmsec™, we have
E - 1.196; 10 qmol
If A isexpressedinA unit (1A = 10®%cm), weget
16
£ - 1.196; 10° ool
sincelca = 4.184 x 10’ erg, energy in calorieswould be
6
- _1196x10° g ol
A x4.184 x 10
_ 2.859; 10 ot

It is clear that numerical value of einstein variesinversely with the wavelength’® of radiations.

ADDITIONAL PRACTICE PROBLEMS

SOLVED PROBLEM 1. Calculate the energy of one einstein of a light of wavelength 3000 A.
SOLUTION :
Formulausd
E oo 280x1C° | o
A
Quantity given
A = 3000A
Substitution of value
E = 2.859 x 10°
3000
L E = 953kca mol™
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SOLVED PROBLEM 2. Calculate the energy of a photon corresponding to wavelength 3600 A.
(h =663 x 107 ergsec ; ¢ = 3 x 10°cmsec™?)
SOLUTION :
Formulausd

Quantitiesgiven
h = 6.63 x 10?" erg sec c=3x 10%cmsec® A =3600A =3600x10°cm

Substitution of values
E = 6.63 X 10% x 3 x 10 erg
3600 x 10
_ 19.89 x 10°7 d [-dod = 4184 x 107
107 x 3600 x 4.184 x 107 - 184 > 107 erg]
[ 1.320 x 107 cal
™ SOLVED PROBLEM 3. A radiation of 2530 A incident on HI resultsin the decomposition of 1.85
x 1072 mole per 1000 cal of radiant energy. Cal cul ate the quantum efficiency.
(N =6.023 x 10%;h = 6.62 x 107 ;¢ = 3 x 10°cmsec?)
SOLUTION : (i) To calculatethe number of einsteins absor bed

Formulaused

Total Energy absorbed

No. of einsteins absorbed =

Nhc
Quantitiesgiven A
Total energy absorbed = 1000 cal = 1000 x 4.184 x 10’ erg N = 6.023 x 10®
h = 6.62 x 10% c=662 x 10% A = 2530A = 2530 x 10°%cm

Substitution of values

No. of einstein absorbed = 1000 x 4.184 x 10’ x 2530 x 10
6.023 x 10° x 6.62 x 10% x 3 x 10%
= 8.849 x 107

(ii) Tocalculatethequantum efficiency
Formulausd

No. of moles of HI decomposed
No. of einsteins absorbed

Quantitiesgiven
No. of moles of HI decomposed

1.85 x 102 mole

No. of einsteinsabsorbed = 8.849 x 1073
Substitution of values
o = 185x107
8.849 x 10°°
— = 2.09

_SOLVED PROBLEM 4. Calculate the value of one einstein for light having A = 2000 A.
SOLUTION :

Formulaused
2.859 x 10°

A

E =
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Quantity given A = 2000A
Substitution of values
2.859 x 10°
E 2000
142.95 kcal

SOLVED PROBLEM 5. If thevalueof aneinsteinis1.594 x 10* k J, find the value of wavelength
of radiation.

SOLUTION :
Formulaused
Energy per einstein = N::C
Quantitiesgiven
Energy per eingtein = 1.594 x 10 kJ ¢ =3 x 10%cmsec?
= 1.594 x 10" erg
h =6.62x 10% ergsec N = 6.02 x 10®

Substitution of values

6.02x 102 x 6.62x 10?"ergsec x 3x 10cm sec
1594 x 10%kJ =

A

119.55x 10°
1.594 x 10%
= 75 x 10%cm
e = 75A
SOLVED PROBLEM 6. Calculate the energy of the photon corresponding to wavelength 4800 A.

(h=6624 x10% ergsec;c = 3 x 10 cmsec?)

SOLUTION :

Formulausd

A =

he
A

E =

Quantitiesgiven
h = 6.624 x 10 erg sec c=3x 10%msec? A =4800A = 4800 x 10°cm
Substitution of values

6.624 x 10" x 3 X ZLOmer

4800 x 108
4.14 x 10erg

414 x 107

4184 x 107
0.9895 x 10%°cal

0.9895 x 107 kcal

E = g

cal [ Tca = 4.184 x 10" erq]

SOLVED PROBLEM 7. In the photochemical reaction B —— C, 1.00 x 10° mole of C is
formed as aresult of the absorption of 6.00 x 10’ ergsat 3600 A. Cal culate the quantum yield.
SOLUTION :
Formulaused N No. of moles of C formed
Quantumefficiency = J. "t einsteins absorbed
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Quantitiesgiven
No. of moles of C formed 1.00 x 10°mole
Energy absorbed
Energy per einstein
6.0 x 10’ erg
1.196x 10%
—_— erg

X
6.0 x 107 x 3600
T 71196 x 10% [74 = 3600A]

= 1.806 x 10

No. of einsteins absorbed

Substitution of values

1.00 x 10°
1.806x 10°
- = 0.553
™ SOLVED PROBLEM 8. For a photochemical reaction A —— B, 1.0 x 10° mole of B were
formed on absorption of 6.0 x 107 ergsat 3600 A. Calculate the quantum efficiency of the reaction.
(N =6.62 x 10%; h = 6.62 x 102" erg sec)
SOLUTION :
Formulausd

Quantum efficiency, ¢

No. of moles of B formed
No. of einsteins absorbed

Quantum efficiency

Quantitiesgiven

No. of moles of B formed 1.00 x 10°mole

Energy absorbed
Energy per einstein
7 16
_ _6.0x10%eg [ einsteinzl'lge x 10 erg]
1.196 x 10"erg A
A
7
_ 60x10"x 3?00 [+ A = 3600A]
1.196 x 10"
= 1.806 x 10

No. of einsteins absorbed

Substitution of values

5
Quantum efficiency, ¢ 10 10

1.806 x 10°
0.553

SOLVED PROBLEM 9. A certain system absorbs 2 x 10 quanta of light per second. On
irradiation for 10 minutes 0.001mole of the reactant was found to have reacted. Calculate quantum
yield for the process. (Avogadro'sNo. = 6.024 x 10%)

SOLUTION :
Formulausd

No. of molecules decomposed
No. of photons absorbed




PHOTOCHEMISTRY = 369

Quantitiesgiven
No. of molecules decomposed
No. of photons absorbed in 10 minutes

0.001 x 6.024 x 10”molecules
No. of photons absorbed per second x No. of seconds
2 x 10 x 600

Substitution of values
_0.001 x 6.024 x 103
2 x 10 x 600
50.2
SOLVED PROBLEM 10. Calculate the values of frequency, quantum energy and einstein for

500 nmradiation.

SOLUTION : (i) To calculate the value of frequency

Formulaused

_c
Ly
Quantitiesgiven

c =3 x 10°cmsect A =500nm = 500 x 10°m = 500 x 107 cm
Substitution of values

_ 3x 10°
500 x 107
= 6 x 10"
(i) Tocalculatethequantum ener gy
Formulaused
L
A

Quantitiesgiven

h = 6.62 x 10% erg sec ¢ =3 x 10°cmsect A =500 x 107 cm
Substitution of values
_ 6.62 x 10 x 3 x 10

500 x 10~
= 39.72 x 10 erg

(iii) Tocalculatethevalueof oneeinstein
Formulaused

Energy per einstein = Avogadro's No. x Energy per photon
Quantitiesgiven
Avogadro'sNo. = 6.02 x 10 Energy per photon = 39.72 x 10 erg
Substitution of values
Energy per einstein = 6.02 x 107 x 39.72 x 10 erg
= 2.39 x 10" ergmol*
2.39 x 10%

= a184 % 107 camol™ [ 1cal = 4.184 x 107erg]

= 5.71 x 10%ca mol™
= 571 x 10° kcal mol™
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SOLVED PROBLEM 11. Inaphotochemical combination of H,and CI,, aquantumyield of 1 x 10°
is obtained with a wavelength of 4800 A. How many moles of HCI would be produced under these
conditions per calorie of radiation energy absorbed ?

SOLUTION : (i) To calculate no. of einsteins absor bed per cal of energy

Formulausd

Energy absorbed
Energy per einstein

No. of einsteins =

Quantitiesgiven

Energy absorbed = 1ca = 4.184 x 10" erg
Energy per eingtein = L1196 X 10% o g1
A
A = 4800A

Substitution of values
4.184 x 107 erg x 4800
1.196 x 10%erg mol™

= 1679 x 10°
(i) Tocalculatetheno. of molesof HCI produced
Formulausd

No. of einsteins =

No. of moles of HCI produced
No. of einsteins absorbed

Quantitiesgiven
¢ =1x10° No. of einsteins absorbed = 1.679 x 10°

Substitution of values
No. of molesof HCI produced

1x10° =
1679 x 10°
or No. of molesof HCl produced = 16.79 moles

SOLVED PROBLEM 12. Calculate the energy in electron volt (eV) units of quantum of radiation
of wavelength 1000 A.
Velocity of light = 3.0 x 10°cmsec™

h =6.62 x 10% erg sec

1A =10%cm
SOLUTION : leV = 1.6 x 10erg
Solution:
Formulausd he
. E =%
Quantitiesgiven
h =6.62 x 10% erg sec ¢ =30 x 10%msec? A =1000A = 1000 x 10%cm

Substitution of values

6.62 x 10% x 3 x 1010er

E =
1000 x 10°® I
= 1.986 x 10™Merg
11
_ 1986 x 10™ [ 1eV = 1.6 x 10%erg]
1.6 x 1022
= 12.4125¢eV
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SOLVED PROBLEM 13. A certain system absorbs 3 x 108 quanta of light per second. On
irradiation for 400 seconds, 0.001 mole of the reactant was found to have reacted. Calculate the
quantum yield for the process (Avogadro's No. = 6.02 x 10%).

SOLUTION :
Formulaused No. of molecules reacted
¢ = No. of photons of radiation energy absorbed
Quantitiesgiven
No. of molecules reacted = 0.001 x 6.02 x 10%
No. of photons of energy absorbed = No. of photons absorbed per second x No. of
seconds
= 3 x 10® x 400
Substitution of values
6 = 0.001 x 6.02 x 10%
3 x 10° x 400
- = 50.16 x 10°

SOLVED PROBLEM 14. The quantum yield for reaction 2HI —— H, + |, is2. Cdculate the
number of photonsabsorbed in an experiment inwhich 0.01 moleof HI aredecomposed. (N = 6.02 x 10%)
SOLUTION :

Formulaused
No. of molecules reacted

No. of photons absorbed

¢ =
Quantitiesgiven
=2 No. of moleculesreacted = 0.01 x 6.02 x 10
Substitution of values

0.01 x 6.02 x 10*

No. of photons absorbed
0.01 x 6.02 x 107
2
- = 301 x 10
"~ SOLVED PROBLEM 15. Derive value of radiation of wavelength 3000 A in :
(i) Wave number (if) Frequency  (iii) Quantum energy (iv) Einstein energy
SOLUTION : (i) To calculate wave number

No. of photons absorbed

Fomulaused
S o1
A
Quantity given
A = 3000A = 3000 x 10°cm
Substitution of value
5 = 1
~ 3000 x 108cm
= 3.33 x 10°cm™
(i) Tocalculatefrequency
c
Formulaused v = _X
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Quantitiesgiven
c =3x10% A = 3000A = 3000 x 10%cm

Substitution of values 10 1
3 x 107 cmsec

3000 x 10%cm
= 1 x 10¥sec™
(iii) Tocalculate quantum ener gy.
Formulausd
g - he
A
Quantitiesgiven
h = 6.62 x 102" erg sec ¢ = 3 x 10%cmsec™ A = 3000 x 10%cm
Substitution of values

27 10
E = 6.62 x 10 x 3 x 10 erg

3600 x 10
5516 x 102erg

(iv) Tocalculate Einstein ener gy
Formulausd
Einstein energy
Quantitiesgiven
Avogadro's No.
Substitution of values

Avogadro's No. x Quantum energy

6.02 x 102 Quantumenergy = 6.62 x 102erg

E = 6.02 x 10® x 6.62 x 10 2erg
= 3.985 x 10%erg

12
- 398 X 107 4 [-1cal = 4.184 x 107erg]
4184 x 107
| = 9524 x 10%kcal
~ SOLVED PROBLEM 16. A substance in a cell of length | absorbs 20% of the incident light.

What fraction of light will be absorbed in acell of length 5I.

SOLUTION :
Formulaused
I — kx
log |_0 = >a;
Quantitiesgiven
I =100 — 20% = 80% = 0.8 x = linfirst case x = 5l insecond case
SubstitTJtion of values
loga = —Kx! ..(i) for first case
2303
logA = kx5l ...(il) for second case
Dividing (i) by (ii) we get 2308
log 0.8 -k x| 2.303
logA = 238 ~ Zkxsl
or logA = 5x1og0.8
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5 x (—0.0969)
= —04845
Antilog (— 0.4845) = 0.3277 = 32.77%

™ SOLVED PROBLEM 17. A certain system absorbs 8.81 x 108ergs of radiation of the wavelength
2540 A inacertaintime. It is observed that 1.12 x 10~ moles of theirradiated substance has reacted
in the same time. What is the quantum efficiency of the process ?
N = 6.023 x 10 h = 6.625 x 10’ c = 2998 x 10 cmsec?
SOLUTION : (i) To calculate the energy per einstein
Formulaused
Energy per einstein =

or A

Nhc
A

Quantity given
N =6.02 x 102 h = 6.62 x 10%7ergsec ¢ = 2.998 x 10°%cmsec? A = 2540 x 10°8cm
Substitution of values

.. _ 6.02 x10% x6.62 x 107 x 2.998 x 10'°
Energy per einstein =

2540 x 10°®

= 4.70 x 10%%erg
(i) Tocalculatethequantum efficiency

Formulaused
No. of molecules reacted

No. of einsteins absorbed

¢ =

Quantitiesgiven

No. of moleculesreacted = 1.12 x 10“*mole

Energy absorbed

Energy per einstein
_ 881 x 10°erg

4.70 x 10%erg
= 1874 x 10*

No. of einsteins absorbed =

Substitution of values
1.12 x 10

1.874 x 107
0.5977

SOLVED PROBLEM 18. Radiation of wavelength of 2500 A was passed through a cell containing
10ml of asolution whichwas0.05 molar in oxadic acid and 0.01 molar in uranyl sulphate. After absorption
of 80 joulesof radiation energy the concentration of oxalic acid wasreduced to 0.04 molar. Calculatethe
quantum yield for the photochemical decomposition of oxalic acid at the given wavel ength.

SOLUTION : (i) To calculatethe number of photonsabsor bed
Formulaused

Energy absorbed
Energy per photon

No. of photons absorbed

Quantitiesgiven

Energy absorbed = 80Joules
Enerav per bhoton = hc _ 662 x 107 x 3 x 10®
wperp A 2500 x 10° x 107

7.944% 107%° J



374 30 QuUESTIONBANK

Substitution of values

80J
No. of photon absorbed = 7 044 % 1059
= 1.007 x 10%®
(i) Tocalculatethequantum efficiency
Formulaused . No. of molecules decomposed
Quantum efficiency

No. of photons absorbed
Quantitiesgiven

No. of photons absorbed = 1.007 x 10%°
3
No. of molecules decomposed = 0.01 x 10 x 6.02 x 10*
1000
= 6.02 x 10"
Substitution of values
Quantum efficien _ 602 x 10°
> 1.007 x 10%®
= 0.598

™ SOLVED PROBLEM 19. A certain system absorbs 3.0 x 10 quantum of light per second on
irradiation for 10 minutes. 0.002 mole of reactant was found to have reacted. Calculate the quantum
efficiency of the process. (N = 6.023 x 10%)

SOLUTION :

Formulaused No. of molecules reacted

No. of einsteins absorbed

Quantitiesgiven
No. of molecules reacted
No. of photons absorbed
Substitution of values

0.002 x 6.023x 10%
3.0 x 10" x 600

0.002 x 6.023 x 10*

3.0 x 10% x 600
66.92

¢ =

SOLVED PROBLEM 20. 10% incident light is transmitted after passing through 2 cm thick
glass. If glassis 1 cm thick, then how much light is absorbed of the same wavelength ?
SOLUTION :
Formulausd
log 1 kex
L 2303

Quantitiesgiven
TI = 10% = % =01 x=2cm (infirstcase) x = lcm (insecond case)
[
Substitution of values

log 0.1 = — kxcx2 ..(1) forfirst case
2303
and log A = — kxex1 ...(i1) for second case

2303
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Dividing (i) by (ii) weget

log0l _ —kxcx?2 " 2303
log A 2303 —kxcx1
log0.1
TogA T 2
or logA = lﬂzo—l
= -05
A = Antilog(-0.5) = 0.3162
= 31.62%
Thus the amount absorbed = 100 — 31.62
- = 68.38 %

SOLVED PROBLEM 21.When irradiated with light of wavelength 5000 A, 1 x 10“mole of a
substance decomposed. How many photons are absorbed during the reaction if its quantum effi-
ciency is10.0 (Avogadro'snumber = 6.02 x 10%)

SOLUTION :
Formulausd

Quantumyield, ¢ No. of molecules reacted

No. of photons absorbed

Quantitiesgiven
¢ =100 No. of moleculesreacted = 1 x 10 x 6.02 x 10%

Substitution of values
1.0 x 10* x 6.02 x 10%

No. of photons absorbed
1.0 x 10* x 6.02 x 10%

10
6.02 x 10"

SOLVED PROBLEM 22. If one mole of a compound absorbs light of wavelength 2537 A,
calculate the amount of energy absorbed in kilo joules per mole.

10.0

or  No. of photons absorbed

SOLUTION :
Formulaused
Energy absorbed = N: ¢
Quantitiesgiven
N = 6.02x 107 h = 6.62x 10 erg sec
¢ = 3.0x10°cmsec A = 2537 A = 2537x 10°cm
Subsgtitution of values 6.02 x 108 x 6.62 x 107 x 3x 10©

2537 x 10°®
= 4.7125 x 10%erg

= 4.7125 x 10°J

= 4.7125 x 10*kJ

= 471.25kJ
SOLVED PROBLEM 23. On passing through 1 cm long in a solution of concentration of 10° M,
the incident ray is 10% absorbed. What will be the concentration of the solution which absorbs 90%
of incident of radiation in the same cell.
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SOLUTION :
Formulaused

I —kex
|~ 2301

o

log
Quantitiesgiven
I/1,= 100 — 10 = 90% = 0.9
I/1 =100 -90 = 10% = 0.1
Substitution of values
—kx1x 103 x x

log0.9 = >33
_ —kxcxx
0000 s
Dividing (i) by (ii) weget
log09  —kx 1x10°x x
log0.1 2303
—004575  1x10°
-1 = c
1x10°
o ¢ T oo
= 218 x 102M

c=1x 10°M
c="?

infirst case

in second case
...(iy for first case

for second case

(i)

2.303
—kxcxx

SOLVED PROBLEM 24. In the photochemical reaction between chlorine and hydrogen, 3x107°
moleof chlorinehave been convertedinto hydrochl oric acid by irradiation with light of wavelength 3500A.
What is the quantum yield of the reaction if the light energy absorbed by the system is 7.16 x 10 °kcal ?

SOLUTION: (i) To calculatethe number of photonsabsor bed

Formulausd
E absorbed
No. of photons absorbed = Z[eToy ansorhec
hc
Quantitiesgiven A

Energy absorbed

h=662x 107ergsec ¢ = 3 x 10%cmsec™

Substitution of values

7.16 x 10keca = 7.16 x 10 x 10°cd
7.16 x 10 x 10°x 4.184 x 10erg
A = 3500A = 3500 x 10%cm

7.16 x 107 x 10° x 4.184 x 10’

No. of photons absorbed

6.62 x 10" x 3 x 10%

3500 x 10°®

5.28 x 10’
(i) Tocalculatethequantum efficiency

No. of molecules Cl, reacted

No. of photons absorbed

Quantitiesgiven

No. of molecules of Cl, reacted = 3 x 10mole

No. of photons absorbed = 5.28 x 10’

3x 10%x 6.02 x 10?
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Substitution of values
3x 10%°x 6.02 x 102

5.28 x 10’
_— = 342 x 10°
= SOLVED PROBLEM 25. Caculate the value of an einstein in kJ mol™ for radiation of wave-
length 4500 A.
SOLUTION :
Formulausd
E = Nhc
A
Quantitiesgiven
N = 6.02 x 103 h = 6.62 x 10" erg sec
¢ = 3x10¥cmsect A = 4500 A = 4500 x 108cm
Substitution of values
g - 602x 102 x 6.62 x 102" x 3 x 10%°
4500 x 10
= 2.656 x 102erg
2656 x 102
- 107
_ 2656 x10% |
© 10" x 10°

- = 265.68kJ
™ SOLVED PROBLEM 26. Acetone can be photolysed by irradiating with light of A = 3100 A
according to the reaction
(CH,),CO —— CH,+ CO
In an experiment the vessel containing acetone absorbs 0.001 J per second and yields 3 x 10*
CO molecules per second. Calculate the quantum efficiency for the reaction.
SOLUTION :

Formulaused No. of molecules reacted

No. of einsteins absorbed

Quantitiesgiven
No. of moleculesof CO produced = 3 x 10"
Total energy
Tic
A
0.001 x 3100 x 10°®
6.02 x 10" x 3 x 10¥°
_ 0.001 x 3100 x 10®x 10’
6.02 x 10 x 3 x 10¥°
= 156 x 10®

No. of quanta absorbed =

Substitution of values
3 x 10"

1.56 x 10®
= 0.192
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SOLVED PROBLEM 27. In the photochemical reaction between Cl,and H,, 2.5 x 10"*°mole of
chlorine have been converted to hydrochloric acid by irradiation with light of 4500 A. What is the
quantum efficiency of the reaction if light absorbed in the systemis3.0 x 10™° k J?

SOLUTION : (i) To calculatetheno. of photonsabsorbed
Formulausd

Total energy absorbed

No. of photons absorbed
Energy of a photon

Quantiti esgiven

Total energy absorbed = 3.0 x 10
Energy of a photon = hc _ 662 x 10 x 3 x 10%
yoEp IV 4500 » 10°°
=441 x 10
Substitution of values
15
No. of photons absorbed = —30x 10 "J
441 x 107°)
= 6.80 x 10
(ii) Tocalculatethequantum efficiency
Formulaused
Quantum efficiency No. of molecules reacted

No. of photons absorbed
Quantitiesgiven

No. of photons absorbed = 6.80 x 10*
No. of molecules of Cl reacted = 2.50 x 10 x 6.02 x 10%
= 1.505 x 10*
Substitution of values
14
Quantum efficiency = 1505x 10~
6.80 x 10*
| = 2213 x 10°

~  SOLVED PROBLEM 28. In the photochemical reaction
NH()% 1/2Ng+/zH2)
with light at wavelength 2100 A it isfound that 1940 J of energy decomposes 7.4 x 10~* mole of
NH,. Calculate the quantum yield.
SOLUTION : (i) To calculate the ener gy of a photon
Formulausd
hc

E = —
)

Quantitiesgiven
h=662x 107ergsec ¢ =3 x 10°cmsec® A =2100A = 2100 x 10®%cm

Substitution of values »7 10
_ 662 x10% x 3x 10

2100 x 10
9.457 x 102 erg

= 0457 x 10

E




1

(i) Tocalculatethequantum efficiency

Formulaused

Quantitiesgiven
No. of the molecules reacted

No. of photons absorbed

Substitution of values

No. of molecules reacted

No. of photons absorbed

7.4 x 10*mole
7.4 x 10* x 6.02 x 10®molecules
Energy absorbed

Energy per photon

1940J

9.457 x 10
2.0485 x 10

7.4 x 10 x 6.02 x 10%

2.0485 x 10*

0.217

ADDITIONAL PRACTICE PROBLEMS
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In a certain experiment irradiation of biacetyl gas with UV radiations (2537 A) for 5 hours produced 6.33
mole per litre of CO. The intensity of the radiation absorbed by acetyl gaswas 1.71 x 107J per second.
Calculate the quantum yield of CO.

Answer. 0.97

Calculate percentage of light transmitted through 5 mm length of aliquid of absorption coefficient 2.5.

Answer. 28.65%

A 2 mm thick plate of amaterial transmits 70% of the incident light. Calcul ate the percentage of
light transmitted if the thickness of the plate is 0.5 mm.

Answer. 91.47

Calculate the energy of one photon of light of wavelength 5000 A. Will it be able to break a bond in a
diatomic molecule which absorbs this photon and has a bond energy equal to 300 kJ mol = ?

Answer. 3.972x 10°J ; No

Calculate the energy of a photon corresponding to wave length 360 nm. Given:
velocity of light =3x 10® msec™; h=6.62 x 10 Jsec™.

Answer. 5525 x 1079 J

A certain system absorbs 3 x 10 quanta of light per second. Calculate the quantum efficiency of the
process if 2.00 x 10~ mole of the reactant was found to have reacted in 10 minutes.

Answer. 66.92

What percentage of light will be transmitted through two cells put together in the path of light, if their

individual transmissions are 60% and 30%.

Answer. 18%

A system absorbs 9 x 10%° quanta of light per second. The number of moles of reactant decomposed in one

second is 2.98 x 107*. Calculate the quantum efficiency of the system.

Answer. 0.2 molecule per quantum
A 0.55 mm thick glassisfound to have atransmission of 70% for light of wavelength 2537 A. What will be
thickness of the glass if transmission is 40.7%.

Answer. 2.0 mm
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