Long Answer Questions

Long Answer Questions

Q.1. Answer the following questions
[CBSE Central 2016]

Q. The conductivity of 0.001 mol L~ solution of CH3COOH is 3.905 x 10> S cm™1.
Calculate its molar conductivity and degree of dissociation (a).

Given A° (H*) =349.6 S cm? mol~t and A°(CH3COO") =40.9 S cm? mol-!
Ans.

Given, ¢ = 0.001 mol L™' = 1 x 107" mol L™", k = 3.905 x 107" § cm™!
Substituting these values in the expression,
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Degree of dissociation, O =

_ 105 S cm® mel! _ 0.1
3905 § em? mol ! '

or a=10%

Q. Define electrochemical cell. What happens if external potential applied

E° .
becomes greater than ~ ®!l of electrochemical cell?



Ans. A device which is used to convert chemical energy produced in a redox reaction into
electrical energy is called an electrochemical cell.

. : E° :
If external potential applied becomes greater than Il of electrochemical cell, the
reaction gets reversed and the electrochemical cell function as an electrolytic cell.

Q. 2.
Calculate e.m.f and A\ G for the following cell at 298 K:
Mg(s) | Mg2* (0.01 M) || Ag* (0.0001 M) | Ag(s)

Given: [ E°
’ Mg I

iz

=-237V,E°,, =+0.80V
hglf.-"u ]

[CBSE Guwahati 2015]

Ans.
At anode : Mg —  Mg*' +2e
At cathode: [Ag'+e — Ag|x2
Mg+ 2Ag+ —+ +Mg2+42Ag; n=2
Ern = B ode ~ Poode = Eig,f” — Ei:!e:ﬂfug =080V - (-237V) =317V
Substituting E° .y = 3.17 V, n= 2, [Mg*'] = 1 x 102 M, [Ag'] = | x 10"* M in Nernst equation for above
cell reaction,
En = 3.17 - 20 ;111;}42;2

E. = 3.17 - 0.0295 log 10°

L

E. =317 -0177V=2993V

cell

E.j=2993V

C



Substituting n = 2, F = 96500 C mol ™!, E; = 2.993 V in the expression, \G = - nFE,, we ge
AG=—-nFE.. =-2x96500Cmol ! x2993V
AG=-577649 T mol ' = - 577.649 k] mol "'

Q.3. Answer the following questions

Q. State the relationship amongst cell constant of a cell, resistance of the solution
in the cell and conductivity of the solution. How is molar conductivity of a solute
related to conductivity of its solution?

Ans.

k= % * (%) = where, k = Conductivity, %: Cell constant, R = Resistance

Ap = % where, Am = Molar conductivity, k = Conductivity, M = Molarity of solution
Q.

A voltaic cell is set up at 25°C with the following half-cells:

Al | AI’* (0.001 M) and Ni | Ni** (0.50 M)

Calculate the cell voltage Eﬁsz-,fm [==-025V, E:th = - 1.66 V]
Ans.

At anode: [Al(s) — Al’'(ag) + 3e ] %2

At cathode: [Ni*'(ag) + 2¢¢  — Ni(s)] x 3

2AL (s)+3Ni? (aq)— 2ATF (aq)+3Ni(s), n==6

E o 0.0591 | AT 2
cell = - O »
cell n ,"le' .'rs



Here, n = 6, [mi': =000l M=1x10"3 M, [Niﬂ'] =05M

] _ (1] o 0 . Ly r _ o ™ T
B =Bl = Bl == 025V - (- 166 V) = L41V
B 0.0591 (107 3)? - 0.0591 1w
Ecl = 141 ——=—log oS 141 - —=log 545

= 1.41 222 —log (10°° x 8) = 1.41 - 282 log (10°° + log 2°7)

141 - 228 log (- 6 log 10 + 3 log 2)

141 - 2839 Jog (- 6 + 3 x 0.3010)

141 - 220 (- 5.097)

.41 + “3312 = 1.41 + 0.0502 = 1.4602 V

E. = 146 V

Q.4.
Given that A2, (HCI) = 426 S em? mol™!, A2, (NaCl) = 126 S cm? mol™!
AY, (CH3COONa) = 91 8 cm? mol™!
Ans.
A, (CH;COOH) = HEHE coo + A%
=Atg,co0  Apar t A + Agr - (ﬁ;a' + Agr)
= Alomcooney + Alpey — Al
= (91 +426 - 126) S cm?® mol ™!

=391 S cm? mol™!



Q.5. A voltaic cell is set up at 25°C with the following half-cells AlI®* (0.001 M) and
Ni2* (0.50 M). Write an equation for the reaction that occurs when the cell generates
an electric current and determine the cell potential.

(Given: E_, N 025V, EVs, | = 1.66 V)
Ans.

At anode: Al — A"+ 3e ] =2
At cathode: [Ni?" + 2e —  Ni] x 3

Cell reaction: 2A1 + 3Ni®* — 2A1 + 3Ni

R ¢ o o o
El{;.'II - E;‘.llhucc 'El-.llll.lx'i\. E-\IJ ,n"fN E.us .'"-.I|

=-025V-(-166V)=141V

]”]—[XID ¥ M: [ ]_U:rf'»’.[n—f:n

Substituting the values in the Nernst equation,

E.j=E° S

KiZ -""n Al ;Inl

;0059 (1073 )2
Eaq=141V - . log 5P

41 v 0059 . g & 1 v 0059 -
= 141V - 259 1o0 (8 x 107°) = 141 V - 250 (_o54)

E.i=141V+00053V=14153V

Q.6. Calculate the potential for half-cell containing

0.10M K2Cr207 (aq), 0.20 M Cr3*(aqg) and 1.0 x 10~* M H*(aq). The half cell reaction
is

Cr207°~(aq) + 14H*(aq) + 6e- — 2Cr3*(aq) + 7H20(l)

and the standard electrode potential is given as E° =1.33V.



Ans.

For half cell reaction

Cry02 (aq) + 14H' (ag) + 6e° —  2Cr"(aq) + 7THO()

o 0.0591 [ Cr™
E".L\” - EC{‘:“. mn ll:}g Ilrcl.z 'D?} |[H-II|'|‘|
Here, E° = 1.33 V,n =6, [Cr''] =02 M
[CTQD%] =0.1 M, :II'] =1x10*M

Substituting these values in the given expression, we get

2
= 1.33 Y- 00591 {0.20)
Far= 193 o lo (0.1)(107* )"

133V 2252 ~log (4 x 107%) = 1.33 V- 202 [log 4 + log 10™’]

133V - 289 [2]og 2 + 55 log 10] = 1.33V - 285 13} 0.3010 + 55]

.33V -0548V =0782V

Q.7.
Using the E° values of A and B, predict which is better for coating the surface of iron

[EV, ;o= ~0.44 V| to prevent corrosion and why?
' I_, Fe
. ‘ o = — o = =
Given: [}5,3)12_;,}1 =-237V, Er;z-j,; == 0.14 V]

Ans. A, as its standard reduction potential is less than B, therefore, it will undergo
oxidation more easily than B.

Long Answer Question (OIQ)

Q.1. Consider the figure given below and answer the questions (i) to (vi):



Zinc plate Silver plate

' Salt bridge

Ag'(aq)
Zn**(aq) e

i.  Write the direction of electron flow.

ii. Is silver plate the anode or cathode?

iii.  What will happen if salt bridge is removed?

iv.  When will the cell stop functioning?

v. How will concentration of Zn2* ions and Ag* ions be affected when the cell
functions?

vi. How will the concentration of Zn?* ions and Ag* ions be affected after the
cell becomes ‘dead’?

[NCERT Exemplar] [HOTS]
Ans.

i.  Electrons move from Zn to Ag.

ii.  Agis the cathode.

iii.  Cell will stop functioning.

iv. ~ When Ecell = 0.

v.  Concentration of Zn?* ions will increase and concentration of Ag* ions will
decrease.

vi.  When Ecell = 0, equilibrium is reached and concentration of Zn?* ions and
Ag* ions will not change.

Q.2. The electrochemical cell given alongside converts the chemical energy
released during the redox reaction

Zn(s) + Cu?*(aq) — Zn?*(aq) + Cu(s)

to electrical energy. It gives an electrical potential of 1.1 V when concentration
Zn?* and Cu?* ions is unity. State the direction of flow of current and also specify
whether zinc and copper are deposited or dissolved at their respective electrodes
when:

i. an external opposite potential of less than 1.1 V is applied.



ii. an external potential of 1.1 V is applied.
iii.  an external potential of greater than 1.1 V is applied.

[HOTS]

Ans.

i.  Reaction continues to take place. Electrons flow from Zn electrode to copper
electrode, hence current flows from Cu to Zn. Zn dissolves and copper deposits
at their respective electrodes.

ii.  The reaction stops and no current flows. A state of equilibrium is achieved and
no change is observed at zinc and copper electrodes.

iii.  Reaction takes place in opposite directions. Electrons flow from copper electrode
to zinc electrode and hence current flows from Zn to Cu. Zinc deposits and
copper dissolves at their respective electrodes. The cell functions as an
electrolytic cell.

Q.3. Answer the following questions
Q. Define the following terms:
a. Limiting molar conductivity
b. Fuel cell
Ans.
a. The molar conductivity when concentration approaches to zero is called limiting
molar conductivity.
b. A fuel cell is a device which converts energy produced during the combustion of

fuels like hydrogen, methane, methyl alcohol etc. directly into electrical energy.
One such successful fuel cell is hydrogen-oxygen fuel cell.



Q. Resistance of a conductivity cell filled with 0.1 mol L-* KCI solution is 100 Q. If
the resistance of the same cell when filled with 0.02 mol L-1 KCI solution is 520 Q,
calculate the conductivity and molar conductivity of 0.02 mol L-1 KCI solution.
The conductivity of 0.1 mol L=t KCI solution is 1.29 x 102 Q- cm.

Ans. For 0.1 mol L~ KCI solution,

Conductivity, k = 1.29 x 102 Q! cm™, Resistance, R = 100 W

Cell constant = Conductivity x resistance

=1.29x102Q-1cm*x100Q=1.29 cm™

For 0.02 mol L solution,

Resistance = 520 Q, Cell constant = 1.29 cm,

Celleomstant

Conductivity, k = Zt2mmmem
B Resistance

- 12;’20‘*‘!';' = 0.00248 Q' cm!

Conductivity (k) x1000 cm® L
Molarity

Molar conductivity, Am =

0.00248 ' em! %1000 ¢m® L7
0.02 mol L'

.
124 Q' em” mol ™!

Q.4. Answer the following questions
[HOTS]

Q. Calculate the standard free energy change for the following reaction at 25°C.
Au(s) + Ca**(1M) — Au**(1M) +Ca(s)

E°,, =+150V,=E°  -287V

.*l.1|H' II.I' Au

I."l Ca

Predict whether the reaction will be spontaneous or not at 25°C. Which of the
above two half cells will act as an oxidising agent and which one will be a
reducing agent?



Ans.

P o= E° B
cell a2 I."f[.'rl. ﬁu.'s'l.."l_.nm

= (- 287 V) - (150 V) = - 437V
ArGoeal = - 6 x 96500 x (- 4.37 V)
= +2530.230 kJ/mol
Since \,G" is positive, therefore, reaction is non-spontaneous.

Au’'/Au half cell will be an oxidising agent while Ca®'/Ca half cell will be a reducing agent.
Q. Tarnished silver contains Ag2S. Can this tarnish be removed by placing

tarnished silver ware in an aluminium pan containing an inert electrolytic solution
such as NaCl? The standard electrode potential for half reaction:

AgS(s) +2¢0 T 2Ag(s) + S is- 0.71V
and for ~ AP*+3e T 2Al(s) is - 1.66V

Ans. E°ell for reaction of tarnished silver ware with aluminium pan is
(-0.71V)-(-166V)ie., +0.95V

Tarnished silver ware, therefore, can be cleaned by placing it in an aluminium pan
as E°ei is positive.

Q.5. At 291 K, the molar conductivities at infinite dilution of NH4CI, NaOH and
NaCl are 129.8, 217.4 and 108.9 S cm? mol-! respectively. If the molar conductivity
of a centinormal solution of NH4OH is 9.33 S cm2 mol~%, what is the percentage
dissociation of NH4OH at this dilution? Also calculate the dissociation constant of
NH4OH.

[HOTS]

Ans.



Here, we are given:
A% for NH,Cl = 129.8 S cm? mol ™!
A for NaOH = 217.4 S em? mol !
AY, for NaCl = 108.9 S cm? mol
By Kohlrausch's law,
A%, for NH,OH = "]"'I?iH; + Aom-
= AL (NH,Cl) + A§(NaOH ) - Af, ( NaCl)
= [129.8 + 217.4 - 108.9] S cm® mol '
= 238.3 S cm? mol!

£ =9.33Scm” mol! (Given}

~ Degree of dissociation () = e ﬁ = 0.0392
or Percentage dissociation = 0.0392 = 100 = 3.92%

Calculation of dissociation constant

NH,OH = NH, + OH

Initial conc. c 0 0
Equilibrium conc. c—- o o o
= c{l - aj
- L e coe®

efl-a)  1- o




Substituting, ¢ = 0.01 N =001 M, and a = 0.0392, we get

(0.01) (0.0392)*
We get, K= —F—mm—

W2 o« (302 = 1027
0.9608

1.599 x 103>

Q.6. Answer the following questions
Q. State two advantages of H2—Oz fuel cell over ordinary cell.
Ans. Advantages of fuel cell:
a. Itis a pollution-free device since no harmful products are formed.
b. Its efficiency is about 75% which is considerably higher than conventional cells.
c. Itis a continuous source of energy if the supply of gases is maintained. (Any
Two)
Q. Silver is electrodeposited on a metallic vessel of total surface area 500 cm? by
passing a current of 0.5 amp for two hours. Calculate the thickness of silver
deposited.

[Given: Density of silver = 10.5 g cm~3, Atomic mass of silver = 108 amu, F =
96,500 C mol-1]

Ans.

m=ZIt = —o- x05x2x3600=4029g

G500
_m —, _ m
d= 3 = V = y
. 4.029 g 3
V= —=03837 cv’
10.5 g cm™® ‘

Let the thickness of silver deposited be x cm.

| =

V=Axx or r =

x= 22T - 767 x107% em.




