NCERT Exercise Questions and Answery "o L :
" i iner at a fixed ”

1. A liquid is in equilibrium with its v.apour in a sealed container temperatyre, The

volume of the container is suddenly increased.

(a) What is the initial effect of the change on vapour pressuf'e:?\

(b) How do rate of evaporation and condensation change initially?

(c) What happens when equilibrium is restored finally and what will be the fina] Vapoy

pressure?
Ans: .
(a) Initially, the vapour pressure will decrease because the same amount of vapour wi]] p,
distributed in larger volume. '

(b) The rate of evaporation remains constant at constant temperature. But the rate of
condensation will decrease initially because there are fewer molecules per unit volume i

the vapour phase.

(c) When equilibrium is restored, rate of evaporation becomes equal to the rate of
condensation. The final vapour pressure will be the same as the original vapour pressure
because vapour pressure depends only on temperature.

2. At a certain temperature and total pressure of 10° Pa, iodine vapour contains 40% by volume

of iodine atoms. Calculate X, for the equilibrium, I, (g) 27— 21(g).

Ans: _
Percentage by volume of gaseous iodine atoms = 40%

.. Mole fraction of gaseous iodine atoms = 1—‘:)%

... Partial pressure of gaseous iodine atoms = T%% x 10° Pa = 0.4 x 10° Pa

Partial pressure of gaseous /, = 0.6 x 10° Pa

K = Pl (04x10%

= == =~ = 2.67x10* P,
7~ P~ 06x10° 4

3. Find out the value of K for each of the following equilibria from the value of K,

(i) 2NOCl (g) = 2NO () +Cl,(8); K, = 1.8 %107 at 500 K

(i) CaC0, (s) T——> CaO (s) + CO; (g); K, = 167at 1073 K



M'(i) an@E=QC+H-2=1,

K 2
- K. =KRT oo K =-=2__18x107 _ o4
Pt ¢ = RT ~ 0.0821 x 500 ~ 438*1

) ar@@) =1-0=1

| K
| LK== =

= RT ~ 00821 x 1073 ~ 1895
| 4 For the following equilibrium,'](c = 6.3 x 10" at 1000 K

NO(g)+0,(8) T—= NO,(g)+0,(g)
What is K, for the reverse reactions?
= = 0.159x 10" = 1.59 x 107**
| K.~ 63x10° X 159 x
" s, Nitric oxide reacts with bromine to form nitrosyl bromide as follows
2NO (g) + Br2 (2 """"“"<______ 2NOBr (g)

When 0.087 mol of NO and 0.0437 molé of Br2 are mixed m a closed container at constant

temperature, 0.0518 mol of NOBr is obtained at equilibrium. Calculate equilibrium amount
of NO and Br.,.

Ans: 2 moles of NO gives 2 moles of NOBr
.. Number of moles NO reacted to form 0.0518 mol of NOBr = 0.0518

Number of moles of Br, reacted = _oo%g_ = 0.0259

*. Number of moles of NO remaining at equilibrium = 0.087 —0.0518 = 0.0352 mol
/. Number of moles Br, at equilibrium = 0.0437 - 0.0259 = 0.0178 mol

6. A sample of HI (g) is placed in a flask at a pressure of 0.2 atm. At equilibrium, the partial
pressure of HI (g) is 0.04 atm. What is K, for the equilibrium
2HI(g) —> H,(g)+1,(8)

Ang;

Initial pressure of HI (g) = 0.2 atm

Partial pressure of HI (g) at equilibrium = 0.04 atm
“. Decrease in pressure of HI (g) = 0.2-0.04 = 0.16 atm




It is because of decomposition to H, and I,

0.16
« —— = n tm v
-, Partial pressure of H, = Partial pressure of J, @ = 0.08 a

e o m*P_ 00sx008 _
B - 0.04 x 0.04

7. A mixture of 1.57 mol of N, , 1.92 mol of H, and 8.13 mol of NH, is introduced into 5 201,

s 2
vessel at S00K. K _ for the reaction N, + 3H, — > 2NHjis 1.7 x 10” at 500K.' IS the

reaction mixture at equilibrium. If not, what is the direction of the net reaction.

Ans:
8.13

157 - 192 . 1. _ »
[V,] = g mol L 'y [H) = —ﬁmolL] ;  [NHy] = %5 molL
_ NEP 813207 _ a6, 107
©OINIIEY 157 (192
20 |20

Since Q_ # K_, the reaction mixture is not at equilibrium.
Since 0_ > K_, the reaction will take place in the backward direction

8. One mole of HZO and one mole of CO are taken in a 10L vessel and heated to 725K. At Solution

40
Moles of H,O reacted = 1 x T00 = 0.4
. Number of moles of 4,0 at equilibrium = 1-0.4 = 0.6

: _ 0.6 _ -1
- [H,0] = T 0.06 mol L

Similarly, [CO] = 0.06 mol L™

0.4
[Hz_] - 10

g o HICO]  0.04x0.04
e [H0][CO]  0.06 % 0.06

'9. What is the equilibrium concentration of each of the substance in the equilibrium when the
initial concentration of /C/ was 0.78 M.

2C1@E) T L(©®+ChL (), K, =014

= 0.04molL™"; '[CO,] = 0.04mol L'

= 0.44




H

! I .
e the equilibrium concentration of , and Cl, be x. Then equilibrium concentration of /C/

| .
| .11 pe 0.78 — 2%
1] [CL,)
K = ————-T[ZC 2 i.e.,0.14 = — XXX
¢ [IC (0.78 - 2x)?
X __=+0.14 =0. |
 0.78-2x 37

. 5= (078-2)037 = 0.288-0.74x
L +074x = 0288 ie,1.74x = 0288

0288 _
. x =g = 0.165

ie,[] = [Cl,] = 0.165M

[(rcn = 0.78 -2 x0.165 = 045M

Do the nm:!:ber of .moles of reaction products increase, decrease or remain same when each of
the following equilibria is subjected to a decrease in pressure by increasing the volume?

10.
@) PCl,(8) —= PCL(®+ Cl(®
(b) CaO (5) + CO, (8) = CaCO, (s)

(c) 3 Fe(s) +4H,0 (g) :__?_ Fe,0,(s) + 4H, ()

Ans:
(@) Applying Le Chatelier’s principle, as pressure decreases the system will favour the .
forward direction where there is increase in the number of moles of gaseous products.

i.e., Number of moles of reaction products increase. -

(b) Decrease of pressure will favour backward direction because of the formation of more

gaseous substance. i.e., number of moles of reaction products decrease.
(c) In this reaction, there is no change in the number of moles of gaseous reactants and
products. So pressure will not have any effect on the equilibrium. i.e., number of moles

of the products will remain the same.

11. It has been found that pH of 0.01 M solution of an organic acid is 4.15. Calculate the

concentration of the anion, the ionisation constant of the acid and its pKa.

Ans: HA ———= A +H"
' (acid) (anion)

pH = —log [H"]



. lOB [H"‘] - _pH = =415 = 3.85

z -5
~ [H'] = Antilog of 5.85 = 7.08 x 10°M
_ 1.08x10°M

Concentration of 4~ = Concentration of H

x -5
[A1[HY] _ 7.08x10 ‘ T) l7.08 x 107 _ <01 x 107
0.

Ko = "aT
—-logK, = ~log (5.01 x 10”

7 = 7-0.699 = 6.301 = 63

pKa =
12. The degree of ionisation of 0.1 M bromoacetic acid solution is 0.132. Calculate the pH of the
solution and the pKa of bromoacetic acid.

Ans:
K = ca? = 0.1x0.132x0.132 = 1.74 10~

pKa=—logK = —log(1.74x 107%) = 3-0.2405 ~ 2.76

[H*] = ca = 0.1x0.132 = 1.32x 102M

- pH = —log(132x 1072 = 2-0.1205 ~ 1.88
13. If 0.561 g of KOH is dissolved in water to give 200 mL of solution at 298 K, calculate the

concentrations of potassium, hydrogen and hydroxy! ions. What is its pH?

Ans: Mass of KOH is 1000 mL solution = 0.561 x 5g

. Concentration of KOH solution = 9’—5—‘;—15"—5 — 0.05M

Since KOH completely ionises to give K~ and OH ™, [K*] = [OH ] = [KOH] = 0.05M

K 10014

[H*] = [0;_] = 005 = 20 10 M

.. pH = —log(2x107%) = 13-0.3010 = 12.699 ~ 12.7
14. The solubility of Sr (OH), at 298 K is 19.23 g/L of solution. Calculate the concentration of
strontium and hydroxyl ions. What is its pH? (Atomic mass of Sr = 87. 6)

Ans: Molar mass of Sr(OH), = 87.6 +34 = 121,6 gmol™’
Solubility of Sr (OH), in mol/L = {3722 = 0.158 mol L™
Sr (OH), ——> §** + 20?1'
© [$**] = 0.158 mol L™ (or M)



(0H7] = 2% 0.158 = 0.316 mol L™ (or M)
JOH = —10g 0316 = 0.5 |
. pH=14-05 =135

5, The ionic product of water at 310 K is 2.7 x 107, What is the pH of neutral water at this
temperatul"e. '

psK, = [H][OHT] = 27x 107
S [HT=V27x107 = 1.643 x 107 |
. pH = —log (1.643 x 107) = 7-0.2156 = 6.7844 ~ 6.78

f 16. The solubility product constant of 4g,CrO, and AgBr are 1.1 x 107'% and 5.0 x 107! respect-
ively. Calculate the ratio of the molarities of their saturated solution.

. — -12
Ans: Ksp of 4g,CrO, = 1.1x 10
For 4g,Cr0, , K, = 4’

| \3/1.1 x 1072 i s
" Solubility (s) of 4g,CrO, = V=7 =065x107" = 6.5x100°M

4

Solubility of AgBr = VK, = V5x 107 = V50x 107 = 7.07x 107" M

6.5x 10

= 91.9
7.07 x 10”7

~. Ratio of concentration of 4g,CrO, to AgBr solution =



