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PRrOBLEM 335 An equilibrium mixture of:
XeF, (g) +OF,(g) == XeOF,(g) + F,(g)

was found to contain 0.6 mole of XeF, (g), 0.3 mole of OF, (g), 0.1 mole of XeOF, (g) and 0.4 mole
of F, in a one litre container. How many moles of OF, must be added to increase [XeOF, Jto 0.2 M?

ProBLEM 336 A compound HB is formed from H and B according to the following reaction:
H+ B <= HB. A solution was prepared by dissolving 0.1 mole of H and 0.1 mole of B in enough water
to make the total volume equal to one litre. After equilibrium had been reached, it was found that 20% of
H had been reacted. What are the equilibrium concentration of H, B and HB? What is the equilibrium
constant, K, for this reaction?

ProBLEM 337 2.0 g of ammonium chloride was heated in a one litre flask to 300°C. From the
measurement of pressure, it was found that 98% of ammonium chloride was dissociated. If to this flask
2.0g of dry ammonia was added, what would be the percentage dissociation?



PrROBLEM 338 H,(g)+1,(g)= 2HI(g)

If the system is equilibrated at[H, ]=0.5,[I,]=0.5 and [HI] =1.23 in a one litre flask and suddenly
0.6 mole of HI is removed, what will be the new equilibrium composition when the equilibrium is
re-established?

PROBLEM 339 The equilibrium constant K, for the gas phase decomposition of zer-butyl chloride is
3.45 at 500 K:
(CH;);CCl(g) = (CH;),C=CH,(g) + HCl(g)

Calculate molar concentration of reactants and products in the equilibrium mixture obtained by
heating 1.0 mole of fer-butyl chloride in a 5.0 L container at 500 K.

PrROBLEM 340 A 79.2 g chunk of dry ice and 30 g of graphite were placed in an empty 5.0 L container,
and the mixture was heated to achieve equilibrium. The reaction is:
CO, (g) +C(s) = 2CO(g)

What is the value of K, at 1000 K if the gas density at this temperature is 16.3 g/L. What is the value
of K, at 1100 K if the gas density at this temperature is 16.9 g/L. Also calculate the enthalpy of the
reaction.

ProBLEM 341 The reaction: N, +3H, = 2NH; is started with an equal number of moles of N,
and H,. Calculate mole fraction of NH; at 723 K and a total pressure of 0.5 atm given K, =6 X 107,

1
PROBLEM 342 At 1000 K, the equilibrium constant for the dissociation of water, H,O == H, + 5 0,

is 8.7 x10~'". For a significant production of hydrogen, which may be used as fuel, at least 15% of water
should be dissociated. To what temperature should you heat the water? The enthalpy of reaction is 57.8
kcal. For a rough estimate assume that enthalpy is independent of temperature and P =1.0 atm.

PRrROBLEM 343 Inastudy of the equilibrium: H, +1, = 2HI, 1.0 mole ofH, and 3 mole of I, gave
rise at equilibrium to x mole of HI. Addition of a further 2 mole of H, gave an additional x mole of HI.
What is x? What is K at the temperature of experiment?

ProBLEM 344 The equilibrium constant for the reaction: ~ H,(g) +1,(g) ==2HI(g) is 20 at
40°C, and vapour pressure of solid iodine is 0.1 bar at that temperature. If 12.7 g of solid iodine are
placed in a 10 L vessel at 40°C, what is the minimum amount of hydrogen gas that must be introduced in
order to remove all solid iodine?

ProOBLEM 345 A standard solution of I, in water contains 0.33 g of I, in one litre flask. More than this
dissolve in a KI solution because of the following equilibrium:

L+ = I,

A 0.1 M KI solution actually dissolve 12.5 g of iodine per litre, most of which is converted to I5.

Assuming that concentration of I, in all saturated solution is same, calculate the equilibrium constant for
the above reaction. What is the effect of adding water to a clear saturated solution of1, in KI solution?



PrOBLEM 346 The following gaseous equilibrium was obtained by heating 0.46 moles of 4 ina 5.0 L
vessel. The equilibrium pressure at 300 K was 3.0 atm. The equilibrium pressure changed to 3.6 atm
when temperature was raised to 320 K. Calculate percentage change in degree of dissociation of 4 at 350
K with respect to that of 4 at 300 K.

A(g) = B(g) +Cg)

ProBLEM 347 At400°C, a1 : 3 mixture of N, and H, reacts to form an equilibrium mixture of N,, H,
and NH;. The total pressure at equilibrium was found to be 350 bar and mole fraction of NH; =0.5.
Calculate K, for the reaction:

N, (g) +3H,(g)== 2NH;

ProBLEM 348 Show that the maximum yield of product at equilibrium occurs when stoichiometric
amount of reactants are used. Use the reaction:

Cl,(g) +Br,(g) = 2BrCl(g)

PrROBLEM 349 A flask containing 0.06 mole of F, (g) is allowed to equilibrate with F(g) at 1000 K. If
the total pressure of the gases at equilibrium is 2.07 bar, calculate mole fraction of each gases at
equilibrium.

Given: F,(g) == 2F(g), K,(1000K)=9.5x107’

ProBLEM 350 A mixture of air at 1.0 bar and 2000 K was passed through an electric arc to produce
nitric oxide as N, (g) +O0,(g) = 2NO(g), Ky =4 x10~*. What are the partial pressure of gases

once the equilibrium has been established.

ProBLEM 351 At a pressure of one bar, an equilibrium exist at 2000 K between 0.25 mole of Br, (g),
0.75 mole of F, (g) gas and 0.497 mole of BrF;(g). What will be the amounts of each gas after the
pressure on the system has been increased to 2.0 bar and equilibrium at 2000 K re-established?

Br, (g) +3F,(g)= 2BrF;(g)

ProBLEM 352 Would 1.0% CO, in air be sufficient to prevent any loss in weight when Ag,CO; is
dried at 120°C

Ag,CO, (s)= Ag,0 (s5) +CO,(g), K, =0.0095 at 120°C

PRrOBLEM 353 In a gas phase reaction 24 + B<=— 3C +2D, it was found that when 1.0 mol of 4, 2.0
mol of B, and 1.0 mol of D were mixed in one litre flask and came to equilibrium, the resulting mixture
contained 0.9 mole of C. Calculate equilibrium constant X ..

PRrROBLEM 354 A container whose volume is } constains an equilibrium mixture that consists of 2 mole
each of PCly, PCl; and Cl, and the equilibrium pressure is 30.4 kPa at T.

A certain amount of Cl, (g) is now introduced keeping P and 7 constant, until equilibrium volume is
2V. Calculate amount of Cl, (¢) added and K ,.



PrOBLEM 355 A 250 ml flask containing NO(g) at 0.46 atm is connected to a 100 mL flask containing
oxygen gas at 0.86 atm by means of a stop cock at 350 K. The gases are mixed by opening the stop cock
where the following equilibrium established: 2NO+0, 0. 2NO,=> N,0,.

The first reaction is complete while the second is at equilibrium. Calculate K, if the final total
pressure is 0.37 atm.

PrOBLEM 356 Equal moles of F, (g) and Cl, (g) are introduced into a sealed container and heated to
certain temperature where following equilibria established:

Cl,(g) +F,(g) = 2CIF(g), K, =32

Cl, (g) +3F, (g) = 2CIF; (g)

If partial pressure of CIF and CIF; at equilibrium are 0.2 and 0.04 atm respectively, calculate K, for
the second equilibrium reaction.

ProBLEM 357 0.2 mole of each Cl, (g)and F, (g) are introduced in a sealed flask and heated to 2000 K
where following equilibrium established. Cl,(g) + F, (g) = 2CIF(g); and at equilibrium, moles of
CIF =0.267. At this stage, 0.1 mol of Br, is added and equilibrium is re-established as:
Cl,(g) +F,(g) = 2CIF(g)
Cl,(g) +Br,(g) = 2BrCl(g)
Now moles of CIF found to be 0.25. Calculate K for the second equilibrium reaction.

PRrROBLEM 358 A glass bulb initially contains mixture of N, and NO at a total pressure of one atm.
Some Br, (g) is added such that the pressure would have been 2.25 atm had not the equilibrium:

2NO + Br, = 2NOBr

been established, as a result, the actual pressure after adding Br, (g) was 2.12 atm. A second addition of
Br, was made such that total pressure would have been 22.75 atm had no reaction at all been occurred,
while the actual pressure found to be 22.5 atm. Calculate K, for the reaction assuming N, to be inert.

ProOBLEM 359 When 0.1 mole of Cl, (g) and an excess of solid iodine are placed in 5 L vessel at 300 K,
the total pressure is 0.767 atm. The vapour pressure of solid iodine is 0.03 atmosphere at this
temperature. After this 1st equilibrium, 0.1 mole of bromine vapour is introduced into the reaction
vessel. It is found that the weight of excess solid iodine diminished by an amount corresponding to 0.03
mole when new equilibrium is established. It is also found that partial pressure of bromine in new
equilibrium mixture is 0.2 atm. Calculate K, for the following equilibria at 300 K:

Cl,(g) +1,(g) = 2ICl(g)
Cl, (g) +Br, (g) = 2BrClI(g)
I,(g) +Br,(g) = 2IBr(g)

ProBLEM 360 The equilibrium constant of a reaction 4, (g) + B, (g) = 24B(g)at 100°C is 50. If a
one litre flask containing one mole of 4, (g) is connected to a 2.0 L flask containing two moles of B, (g),
how many moles of A8 will be formed at 373 K.

ProBLEM 361 0.96 g of HI was heated till equilibrium 2HI(g) = H, +1,(g) is reached. The
reaction mixture was suddenly cooled and the amount of iodine produced required 15.7 mL N/10 hypo
solution. Calculate K, for the above equilibrium reaction.



ProBLEM 362 Hydrazine was taken in a constant volume container at 27°C and 0.3 atm and equal
moles of oxygen gas was injected, sealed and finally heated to 1000 K where the following equilibria
established:

N,H, = N, +2H, K, =?
N,H, +H, = 2NH, K, =?

If the gaseous mixture at equilibrium is passed through moisture absorbent, a decrease of 360 mm in
the equilibrium pressure was observed. Now if the dried gaseous mixture is passed through ammonia
absorber a further decrease of 20 mm in the equilibrium pressure was observed. Calculate K, and K, .

PrOBLEM 363 Pure nirtosyl chloride (NOCI) gas was heated to 240°C in a 1.0 L container. At
equilibrium, the total pressure was found to be 1.00 atmosphere and partial pressure of NOCI was 0.64
atm. Now some Cl, (g) is added at constant pressure and equilibrium was allowed to re-establish. At new
equilibrium, the volume of the container was 1.5 L. Determine the moles of Cl,(g) added at first
equilibrium.

ProBLEM 364 N,O, gas decomposes partially as N,O, = 2NO,. In an experiment, some N,O, is
taken in a flask and heated to 300 K, where the above equilibrium is established. At equilibrium pressure
of 1.0 atmosphere, density of the equilibrium mixture was found to be 2.33 g/L. Now, the gas is
compressed till the density of new equilibrium mixture reaches to 5.08 g/L. Determine the new
equilibrium pressure and the density of equilibrium mixture if the equilibrium pressure in this case is 1.5
atm.

ProBLEM 365 H,S dissociates according to the following reaction: H,S = H, +S(g). At 1000 K
and total pressure of 1.0 atmosphere, degree of dissociation was found to be 0.3. Determine the degree of
dissociation if the gas is compressed isothermally to a new equilibrium pressure of 2.0 atmosphere.

PrROBLEM 366 (a) PCl; dissociatesas: PCl; = PCl; +Cl,. When 0.03 mole of PCl 5 was brought
to equilibrium at 500 K and 1.0 atmosphere, the equilibrium volume was 2.09 L. Calculate degree of
dissociation.

(b) What will be the degree of dissociation when 0.2 mole of PCl; is brought to equilibriumina3 L
flask at 500 K.

ProBLEM 367 0.1 mole of hydrogen gas and 0.2 mole of CO, (g) are introduced in an evacuated flask
at 723 K and the following reaction occurs to give an equilibrium pressure of 50.67 kPa.

H, (g) +CO,(g) = H,0(g) +CO(g)

Analysis of the mixture shows that it contains 10 mol % of H,0O(g). A mixture of CoO(s) and Co(s)
is then introduced such that the additional equilibria:

CoO(s) + H, (g) = Co(s) + H,0(g)
CoO(s) +CO(g) == Co(s) +CO, (g)

are established. Analysis of the new equilibrium mixture thus, obtained is found to contain 30% (mol) of
H,0O(g) are present. Determine K for the three reactions.

PrOBLEM 368 At 25°C, the equilibrium : 2NOBr <= 2NO + Br, is readily established. When 1.1 g
of NOBris present in 1.0 litre flask at 25°C, total pressure in the flask was found to be 0.335 atmosphere.



Determine the pressure if 5.0 g of NOBr is placed in a two litre evacuated flask at 25°C, sealed and
allowed to attain the decomposition equilibrium to establish.

PRrROBLEM 369 A gaseous mixture containing equimolar amount of HCI and O, was taken in a flask,
sealed and heated to 500°C where the following equilibrium is established:

4HC1 +0, (g) = 2Cl, +2H,0(g)

If the initial gas pressure was 1.0 atmosphere and mole fraction of HCI reacted before the
equilibrium was established, was 0.76. Determine K .

ProBLEM 370 When N,O; is heated, it dissociates as: N,O05 = N,0; +O, K, =4.5. At the
same time, N ,0; also decomposes as: N,0;= N,0 +0,. Ifinitially 4.0 moles of N,O; are taken
in a 1.0 litre flask and allowed to attain equilibrium, concentration of O, was found to be 4.5 M.
Determine equilibrium concentration of other species and K, for the second equilibrium.

ProBLEM 371 At 25°C, a mixture of NO, and N,0O, are in equilibrium in a cylinder fitted with a
movable piston. The concentration of species present at equilibrium are as follows:
[N,0,]1=0.487,[NO, ] =0.0475. Now, the piston is pushed to half the volume where the equilibrium
was re-establish. Determine concentration of gases present at new equilibrium.

PrOBLEM 372 Gaseous nitrosyl chloride (NOCI) and N, are taken in a flask, sealed and heated to
some temperature where the total pressure would have been 1.0 bar had not the following equilibrium
been established:

2NOCl = 2NO +(l,

The actual pressure was found to be 1.2 bar. Now into the equilibrium mixture, some Cl, gas was
introduced so that the total pressure would have been 9.0 bar had no further reaction occurred but the
actual pressure was found to be 8.9 bar. Determine the equilibrium constant for the decomposition
equilibrium under the given experimental condition.

ProBLEM 373 20.85 g of PCl;(g) is introduced in a vessel washed with a nonvolatile solvent (B.Pt.
=350 K, M.Pt.=154). The equilibrium is established at 523 K when PCl; (g) is 52% dissociated and a
total pressure was found to be 5.5 bar. If K, for the decomposition reaction:

PCl; = PCl; +Cl, is 1.78.

Calculate the weight of solvent left in the vessel during washing.

ProBLEM 374 Cl,(g)and O, (g) are taken in the molar ratio of 2 : 7 where the following equilibrium
was established:

2Cl, +70, = 2Cl,0,
At equilibrium, mole fraction of C1,0, was found to be 0.1 when the total pressure was 100 bar. In
an another experiment, two gases were taken in equimolar amount under identifical condition of

temperature and mole fraction of C1,0 at equilibrium was found to be 0.06. Determine the equilibrium
pressure in the new flask.

ProBLEM 375 PCl;(g)is taken in a flask at 1.0 atmosphere, sealed and allowed to attain the following
equilibrium:
PCl; &= PCl,; +Cl,
The equilibrium mixture was then allowed to pass through a pin hole and the gases coming out of

pin-hole initially, was collected, analyzed and mole fraction of Cl, was found to be 0.53. Determine
equilibrium constant (K, ) for the decomposition reaction.



PRrROBLEM 376 A solid substance 4 decomposes into two gaseous products B and C as:
A(s) == 2B(g) +C(g)
If at equilibrium, some C(g) at 1.0 atmosphere is added in constant volume condition, 10% of B(g)
solidified before the equilibrium was re-established. Determine total pressure at final equilibrium.

PROBLEM 377 Toxic level of Pb>* in human blood is reduced by forming a stable Pb>* EDTA complex
which is excrete able through kidneys. Formation constant (K, ) for this complex is 10'8. The ligand is

administered by infusion of a solution of Na, [Ca-EDTA] (K , =5 x 10'%). In the blood stream, exchange

of Ca?* for Pb** occurs. The level of Pb** in a patient blood was found to be 4uM. To this patient a

mixed solution containing Ca(NO;), and Na,[Ca-EDTA] was administered so that their initial
concentration in their blood were 2.5uUM and 1.0 UM respectively. Determine the ratio [Pb-EDTA
1>~ /[Pb** ]in the patient blood at equilibrium.

ProBLEM 378 NH,HS(s) is an unstable solid, decomposes as:NH,HS == NH; + H,S and the
following thermodynamic informations are available: AH® ; (kJ/mol) : NH,HS = -157,

NH; =-46 and H,S=-20.5 AS; (JK™' mol™) : NH,HS=113.5 NH; =193 and H,S =206.

Suppose 1.0 mole of solid NH,HS is introduced into an empty 25 L flask, calculate the equilibrium
pressure at 27°C.

PrROBLEM 379 N,O, decomposes as N,O, = 2NO, and at 300 K, AG°, of N,0,(g) and NO, (g)
are 98 and 52 kJ/mol respectively. Starting with one mole of N,O, at one bar and 300 K, calculate the
fraction of N,O, decomposed when equilibrium is established at 1.0 bar and 300 K. Also determine
percentage volume change if decomposition is carried out in a cylinder fitted with a mass-less,
frictionless piston.

ProBLEM 380 A gascous substance 4B, (g) convert to AB(g) in presence of solid A(s) as:
AB,(g) + A(s) = 24B(g)

The initial pressure and equilibrium pressure are 0.7 and 0.95 bar. Now the equilibrium mixture is
expanded reversibly and isothermally till the gas pressure falls to 0.4 bar. Determine volume percentage
of AB(g) and AB, (g) at the final equilibrium.

PrOBLEM 381 One mole of N, (g), three moles of H, (g) and one mole of H,S(g) were taken in a one
litre flask, sealed and heated to 700 K where the following equilibria were established:

N, (g) +3H,(g) = 2NH;(g)
H,S(g) +NH;(g) = NH,HS(g) K, =810 atm™'
At equilibrium, concentration of ammonia gas was found to be 0.9 M. Determine K, for the first
equilibrium and equilibrium concentrations of H,S.
ProBLEM 382 N,O,(g) is taken in a cylinder equipped with movable piston and heated first at
constant volume where the following equilibrium is established and the gas was 30% dissociated :
N,0,(g) = 2NO,(g)

Now the gaseous mixture was expanded isothermally till volume was doubled. Determine the
percentage of N,O, dissociated at this stage.



ProBLEM 383  Consider the following reaction:
2NO, +0; = N,05(g) +0,(g)
AH; (05)=143kImol™", AH; (N,05)=11kImol™ and AH, (NO,)=33 kimol™". The

above reaction is spontaneous at lower temperature but turned non-spontaneous as temperature
approaches to 1175 K. Assuming AH° and AS® to be independent of temperature, determine K, at
500 K.

ProBLEM 384  Consider formation of N,O(g) according to the reaction below :
2NO, +30, = N,0; AH°=-55kJ;AS°=-227JK"'

Also, AH ; (NO,)=+33.2kImol ', §°(NO,) =240 JK™', §°(0,)=205JK .
(a) Determine AH ; N,05, 8° (N,05), AG® at 25°C.

(b) State and explain, whether this reaction is spontaneous at 25°C.
(c) How the relative amounts of reactants and products would be affected at equilibrium?

PrROBLEM 385 Cis-2-butene when heated to 500 K, it isomerizes into trans-2-butene and
2-methylpropene. If standard state Gibb’s free energy of formations of cis-2-butene, trans-2-butene and
2-methyl-propene are 65.85kJ mol™', 62.77 kJ mol™" and 58.07 kJ mol™' respectively, determine the
equilibrium composition.

PROBLEM 386 A vessel containing 0.015 mol N, (g) and 0.02 mol PCl; (g) is heated to 227°C where

the pressure was found to be 1.843 atm’. Also at 227°C, K, for: PCl5(g) = PCl;(g) +Cl,(g) =0.4
atm. Assuming N, to be inert gas, determine, volume of the vessel.

PrOBLEM 387 The AGF® for the reaction:
SO, +50, = SO; is -22600 +21T

Determine the temperature at which mixture is 80% (by mole) in SO4, if initial mixture contain 15%
SO, and 20% O, at one atmosphere total pressure. Assume total pressure is maintained constant at one
atmosphere throughout.

ProBLEM 388 A 2.0 L flask, initially containing one mol of each CO and H,0, was sealed and heated
to 700 K, where the following equilibrium was established :
CO(g) +H,0(g) == CO,(g) +H,(g); K (700)=9
Now the flask was connected to another flask containing some pure CO, (g) at same temperature and

pressure, by means of a narrow tube of negligible volume. When the equilibrium was restored, moles of
CO was found to be double of its mole at first equilibrium. Determine volume of CO, (g) flask.

PRrROBLEM 389 Consider the reaction:

H,(g) +1,(g) = 2HI(g)

If we start with 0.5 moles of each H, (g) and I, (g) at 700 K in a flask, equilibrium concentration of
HI was observed to be 0.15 M. What would have been the concentration of HI at equilibrium had the
reaction been started with 0.8 mole of each H, and I, (g) at same temperature and in the same vessel?

PROBLEM 390  For the reactionC(s) +CO, (g) = 2CO(g), K, =63 atmat 1000 K. What will be the
total pressure of the gases above an equilibrium mixture if Py =10 Fey, -



Solutions

CHEMICAL EQUILIBRIUM

335. K =—

336.

337.

338.

339.

340.

341.

342.

2 = _0.5x02 x =0.7 mol
9 0.5(02+x)

H +B — HB

0.1 0.1 0

0.08 0.08 0.02 Initial
Atequilibrium 0O K, =3.125.

NH,Cl(s) == NH;(g) -+ HCl(g)

3.66x1072  3.66x1072 .
(0.154 = x)  (3.66 x 102 —x) moles at equilibrium K, =134 x 10

after adding 2.0 g NH;.
0 K, =1.34x107 =(0.154 - x)(3.66 X107 —x).
Solving, x =0.163 and 0.026

x cannot be greater than 3.66 x 102, hence it is 0.026.

Therefore, on adding 0.2 g NH;, 0.026 moles of both HCI and NH; will combine forming equal
amount of NH,CI(s) before equilibrium was re-established.

Thus, amount of NH,CI(s) at new equilibrium =1.431g;
% dissociation = 28.45.

[0.63 +2x [
K=605= 0 x=0.134 O [H,]=[I,]=0.366,[HI]=0.898.
Bma x (H,]=[I,] [HI]
(CH,);CCl = (CH,),C=CH, + HCI
02—-x X X Molarity
K 2
Ko ==L =0.084=— 0 x=0.094
RT 02-x
CO,(g) +C(s) == 2CO
792 - x 36
44

At1000 K Z—jx—x =23 0 x=8433g

Peogg) =6.286atm,  Pro(,) =26.38atm O K, (1000K) = 1.49 atm
At1100K : %x—x=5.3 0 x=1943g

Peo) =15.93 atm, e () =24.5atm; 0 K, (1100K) =10.35 atm

Kp(2) _ﬁwz -nLo

n O AH=177.25KkJ
K,() R OT7T,

Also 1

N, +3H, = 2NH, Total

I-x 1-3x 2x 2(1-x)
16x>(1-x) _16x>

0 L =16 ( x2)= S =64x>
(1-3x)3p> P

0 Xx=9.68 %107, xyy, =9.78x 107,

H,O(g) = H,(g9)+ 15 0O,(g) Total moles
0.85 0.15 0.075 1.075

0 K, (T)=4.66%x107"



Solutions 363

166 %1020 57.8x10° O —10000

O In 0 T7=3284K
Eswm “E > Hiooor o
343, H, + [, = 2HI
- 3-% X
2 2
3—x 3—x 2x
2 2
4
O ol = 0 x=15 K=4.

E

344. lodine in the gaseous state =0.0386 mole; lodine in solid state =0.0114. Minimum H, (g) would
be required when solid I, (s) has just been exhausted and the following equilibrium is maintained :

H,(g) + I,(g) = 2HI(g)

moles at equilibrium  x 0.0386 0.0228
.0228)* ;
0 S QO 67 %107
x(0.0386)
O moles of H, required = 0.012
0.0492

=745.57 L mol !

345. 12 +] = I; = =
1.299 x10 -~ x0.0508

Adding water will drive the reaction in backward direction and solubility will decrease.

346. Ag) = B (g) +C (g)
0.46 —x
46 +x)(0.082) x
- 52 (046+0)(0.082) x300
5

15

61
0 Kp»(300K) = x3=0.357

.31
B.610
Similarly, K, (320 K)=1.145
Now. 1 1145 Kp(350) _AH [
W,
10357 %00 x 320 H 1.145 %50 x 320 H
Solving, K,(350)=5.12, P,(350) =2.64
2
0 5.12= 0 P=192 O a (350 K):@=o.7272
2.64-P 2.64
1
Also, a(300K) = 015 326
0.46
012

% increase = x100=123.06%



364 Problems in Chemistry

175
347. Py, =175bar O Py, :T =43.75 bar
and Py, =3 x43.75 =131.25 bar
175)* i} ;
0 K, = a75) =3.096 x10~* bar

 (43.75)(131.25)°
348. Let r be the ratio of P(Cl,) to P(Br,). Thus, P(Cl,) =rP(Br,)
o P =P(Cl,)+P(Br,) +P(BrCl) =rP(Br,) +P(Br,) +P(BrCl)=( +r)P(Br,) +P(BrCl)

. Py, = P, —VPJE}?rcD’ P(CL)=r P, _:)Jf?rcn O

. K, = P(BrCl)* _ P(BrCl)*
E,r 0P, — Py, DJOP, - P(BrCH O P, - P(BrCHT
DH r+l %H r+l H rD (r+1) E

Taking logarithm of each side and differentiating w.r.t. 7 :
InK, =2In[P(BrCD] =Inr =2In [P, =P(BrCD] +21n (r +1)
1 oPBrChHO 1 5 g 1 U= oP(BrChH [ 1

P(BrCl) or r HPt - P(BrCl) or E r+l1
0P (BrCl
Assigning 9P (BrCl) =0 and solving for ‘7’ gives r =1
Hence, stoichiometric amounts of Cl, and Br, generate maximum yield of BrCl.
349. F, = 2F
0.06 - x 2x
02 O %.06 +x0 4> .
Ky = P = x2.07=9.5 x10
P THo6+x0 10.06-x0  36x10~ —x2
0 x=2.03x107 O mole fraction of F = 0.065, mole fraction of F, = 0.935
350. N,(2)+0,(g) == 2NO(g)
08-x 02-x (2)
4x?

=4x10" 0O x=3.95%x1073

K=
(0.8 -x)(0.2 —x)
0 mole fraction of NO(g)=0.08, N,(g)=0.796, 0O,(g)=0.196

351. Br, + 3F, = 2BiF,

0.25 0.75 0.497
1.497 1.497 1.497

= (0497 % 1.497)*
0.25(0.75)°

After increasing equilibrium pressure =2 bar, reaction will shift in forward direction and let x mole
of Br, reacted further.

=5.248



352.

353.

354.

355.

356.

357.

0.25-x _0.75-3x 9

Then new partial pressure : Br, = 1497 =25 x2;, F, = 1497 =25
497 =2x 497 - 2x
0.497 +2
BrF; =~ =% x
1.497 - 2x

Substituting these partial pressure in equilibrium constant expression and solving gives x =0.061.
Therefore, new compositions would be:

Br, =0.189, F, =0.567, BrF; = 0.619 moles.
Ag,CO5(g) = Ag,0(s) +CO,(g) K, =0.0095 bar at 120°C.

P(CO,) at120°C =K, =0.0095 which is less than 0.01 bar, the partial pressure of CO, in air.
Therefore, Ag,COj; (s) will not effervess at 120°C.
Atequilibrium: 24 +B = 3C +2D
04 1.7 0.9 1.6 K. =6.86
P

PCl; = PCl; +Cl, K, = 3
Let x mole of Cl, is added out of which y mole reacted with PCl;, giving y mol PCl5. Also, at new
equilibrium n =12.

1l 6+x—y=12 t xX—y=6
P _2PQ2- 2 20
and —= 2=y g y== and xX=—
3 32+y) 3 3
In the combined system partial pressure of the gases before any reaction occurred are :

250 100
NO =0.46 x — =0.3285; O, =0.86 x — =0.2457
350 350

Here, NO is limiting reagent : Partial pressure after 1st step :
NO=0, O, =0.0814, NO, =0.3285

Now, let p-be the decrease in partial pressure of NO, due to equilibrium.

0 0.0814+03285-p+L2 =037 O p=00798 O K, =0.645atm™
2

Let us consider P, be the initial partial pressure of each Cl, (g) and F, (g). Then at equilibrium
partial pressure of each gas would be :

P, =Py =0.12, P, =P, ~0.16
_ P(CIF)* (0.2)*
=7 P(CL)P(F,) (P, —=0.12)(P, =0.16)
Solving, gives P, =0.253 and 0.026, where the second value is not acceptable.
(0.04)*
(0.133)(0.093)°

Cl, + F, = 2CIF K=16.12
0.0665 0.0665 0.267

O

U K, for second equilibrium =



358.

359.

When Br, isadded: Cl, + F, — 2CIF
0.075-x 0.075 0.25

2
16.12= (0.25)

= x=0.023
0.075(0.075 - x)

Cl, + Br, — 2BrCl
0.07-x 0.1-x 2%

(0.046)>

=———— _=0.528
0.052 x 0077

2NO + Br, == 2NOBr. Let initial partial pressure of NO = p, and decrease in partial pressure
before the 1st equilibrium be p,.Then :

Po - py +1.25 —% +p, +l —p, =2.12

(0.26)*
(Py —0.26)*(1.12)

O py =026 and K, =

Similarly, if p, be the total decrease in partial pressure of NO before the second equilibrium was
established then

Po - Py +21.75 —% +p, +l —p, =22.5

(0.5)*
(po —0.5)*(21.5)
Equating the two K,; P, =0.69 and K, =0.326.

O p, =05 and K, =

K
Before addition of Br, (v): Cl,(g) +1,(g) == 2ICl
0.492 bar -x  0.03 2x
O 0.522+x=0.767 0 x=0245 and K, =324
After adding Br, (v)
Ky
Chi(g) +1L(g = 2ICKg)
0247+q-p  0.03 0.49 - 2¢
K,
I,(g) +  Bry(g) = 2IBr(g)
0.03 0.492 - 0.1476 — p 0.2952
Also, P(Br,)=02 0O p=0.1444
0.2952)*
0 Kk, =0292° _ 145

0.03 x02



K,
Cl(g) + Br,(g) = 2CIBr(g)

0247+ g—-p 0.492-0.1476 - p 2p
0.49 -2¢)*
Also, K =324=— 9)
(0.03)(0.1026 + q)
0.2888)>
0 ¢=005 0O 3:¥:.
(0.1526)(0.2)
4x>
360. K =———=50 00 2x (molesof AB)=1.87
1-x)Q2 -x)

361. m mol of I, reacted with hypo =0.785
O At equilibrium : m mol of H, =1, =0.785, m mol of HI = 5.93

K= ém—gsg =17.52x1073
5.93

362. Let the equilibrium partial pressure of NO, =H,0(v) =2p,
Equilibrium pressure of N, = p, and equilibrium pressure of NH; =2 p,
O Equilibrium pressure of H, =2p, — p;. Then,
N,H, + 30, = 2NO, +2H,0

l=p—py,—py 1-3p 2p 2p
N,H, = N,+ 2H,
l=p =p, = p; Py 2py —ps
N,H, — N, +2NH,
l=p=py—n 2p) = p3 2ps
9 1
Given, 2p, =— bar and2p, =— bar
LT Ps 733
3 11
O Pyn, = 1P and P, T bar

9
¢ o ot
g};g 0.75- py)

Using values of p,, p, and p; gives p(N,H,) =0.517, p(N,) =0.233
p(H,)=0.4528 and p(NH;) =0.0263 bar.

Solving p, =0.233

0 K,(2)=9.24x107 bar’ and K,(3)=2.95x107.
363. 2NOCI = 2NO + (I,
0.64 0.24 0.12
P: 3 - =3
152 %10 57%x1073  2.85%10
mole :

K, =16.875 x107 bar.

Total =23.75 x107>



Let at this stage x mole of Cl, is added, out of which y mole react back. Also volume is increased to
1.5 litre but at same temperature and pressure, therefore new total mole
=23.75 x1.5 x10 =35.625 x10°°.

A new equilibrium : mole Cl, =2.85 x 10° +x -y
NO =5.7%107 =2y and NOCI=152x107 +2y
Adding moles and equating to total moles gives x — y =11.875 x107
Therefore, at new equilibrium, mole-fractions are:
Cl, = (2.85+11.875) x107/35.625 x10™ =0.4133
_57 X107 -2y ond NoOC] =152 X107 +2y

NO 5 3
35.625 x10 35.625 %10

Substituting in expression of K, gives y =1.108 x 107
0 x=12.983x10" mol

402
364. N,0, = 2NO, K,=—"
l-a
M RT
At P =1,p =2.33: Applying, I+a = pT where M =molar mass of N,O,.
Oa= 06 and K, =2.25.

Let 3-be the degree of dissociation at new equilibrium. Then,

M _233RT . M _5.08RT

— = an
1.6 1 1+~ P

0 225= 4p°P = p°
1-pP)(A+B) 0.734(1-P)
92 x1.5

AtP =15 using K :a=522andp=——— =3.685g/L
USIE B p AP =S oRT g

0 1+B=0.734P

OB= 0468 and P =2 bar.

P 2
2(1-P)
where, P is partial pressure of H, (g) at new equilibrium.

0.356

g P=0356 and a=——=0.21
1.644

365. H,S(g) = H,(g)+S(g) K, =0.099 =

PV
366. (a) n= ®T =0.05, i.e., out of 0.03 mole of PCl;, 0.02 mol has decomposed into PCl; and Cl,

giving 0.05 mole of gaseous mixture.

g O(=%=0.67
3



367.

368.

a’p

(b) From the information in part ‘a’ K, = o2 =0.8
-a
PCl, = PCl, +Cl,
P: 273-p P p
2
g 0.8 = U p=IL.13atm
273-p
1.1
0 a=113 204
2.73
H,(g) +CO,(g) = H,0(g) +CO(g)
I: 0.07 0.17 0.03 0.03
0 K, =7.563 x 1072,
IL: H,(g) +CO,(g) = H,0(g) + CO(g)
0.07-x 017+ y 0.03 +x 0.03-y
K,
CoO(s) +H,(g) = Co(s) +H,0(g)
-X +Xx
K3
CoO(s) +CO(g) = Co(s) +CO,(g)
-y +ty
Also 0.03+x=0.09 O  x=0.06
0.09
Hence, H,)=0.01 O K,=——=9;
n(H,) 27001
- _0.09(0.03 —
Also, K, =7.563 x102 22000 - )
0.01(0.17 + y)
Solving, y=2.83 %1072
0.17+2.83 x1072
0 K, = - =116.64
0.03-2.83x10"
2NOBr = 2NO +Br,
0.01-x X x/2
P
n=001+% =LY
2 RT
Solving, x=0.0074 O a=-——=074
0.01

If 5 g of NOBE is taken, initial mole = % =0.045

ey a
Moles at equilibrium =0.045 @ +5§: 0.045 x1.37 =0.06165

b



nRT

P= =0.753 atmosphere.
369. 4HCl+ O, = 2Cl, +2H,0
0.12 0405 0.19  0.19
Equilibrium 0.905  0.905 0.905  0.905 mole fraction

_ (0.19)*(0.905) 4
7 0.12)*(0.405) P

1001 g

_ _ -1
= .IZE 307'4055—15.53tm .

370. N,05; = N,0; + O,
4 -x xX=y x+y
K,
xX—-y y x+y
(x+y)x -y

-X

Also P =P,(0.905) =0.905 atm.

K=45= and x+y=45

5 17
3 6
—— = 6.428.

371. Let initial volume =1 L.
N,0, = 2NO,

~—

0.487 0.0475
K, =4.633 107
After compression moles : N,O, =0.487 +x; NO, =0.0475 —2x
_(0.0475 —2x)* x2
€7 (0487 +x)
Solving, x =0.041 and 0.0068
The 1st value of x is rejectable, therefore [NO, ] =0.0678,[N,0, ] =0.9876
372. Let the initial partial pressure of NOCl be p,.

2NOCI = 2NO +Cl,

Po~ P D %

0 =4.633 x107>

TotalP=1+%=1.2 0 p =04

At equilibrium, additional pressure of Cl, = 7.8



Therefore, at new equilibrium :

2NOCI = 2NO + (I,

)
Py — 0.4 + p, 04-p, 8775

TotalP:9—%:8.9 O p,=02

Now, equating equilibrium constant for the above two stages :

0204)° _ 7902° @po_o,zﬁ_wxom Py =0.493
) =0.
p

(po —0.4)%  (p, —0.2)2 , —0.40 ~02x0.16
Kp =3.7bar.

373. The equilibrium reaction is :

PCl5(g) = PCl5(g) +Cl,
2

a
K, “1q? P =178 0O P =4.8(Pressure due to PCl;, PCl; and Cl,)
O PSolvent =0.7
P(PCl5 +PCl; +Cl 0.11+a
Now, (PCls s 7CL) _0ldra) Nggrens =0.022, mass =3.388 g,
P (solvent) Agovent
S 100 14
374. At equilibrium P(Cl1,0,) =10, P(0,) =70,P(Cl,)=20 0O K, :W =3.035 x10

A when gases are taken in equimolar ratio, mole-fractions are :
Cl1,0, =0.06,Cl, =0.545,0, =0.395
0.06) 1 -
S : ) -0G—=3.035x10"" O P=115bar.
(0.545)7(0.395)" P
375. Molar ratio of the gases coming out of flask initially will be equal to their rate of effusion.
PCl; = PCl; +Cl,
1-a a a

P

Here, o = degree of dissociation.
. +(Cl,) :\/W _0.53

r(PCly) 71 X
where x = mole fraction of PCl; in the gaseous mixture coming out initially [ x =0.38
Hence, mole fraction of PCl; outside of flask =0.09
r(PCls) 1-a [ 71 _0.09
#Cl,) o V2085 0.53

_(0.77)?
P023

Now, Ooa= 077

= 2.577 bar.




376.

3717.

378.

379.

380.

A(s) == 2B(g) + C(g)  K,=4p’
Case | 2p P
Case 11 2p=-02p p+1-0.1p
K, =(1.8p)*(0.9p +1) =4p°
0 P =2.988 bar
P(case II) =2.7p +1 =9.06 bar
The exchange equilibrium is :

[Ca- EDTA]* +Pb*" = [Pb- EDTA]*” +Ca*"
c= {[Pb- EDTA]* }[Ca®"] _ 10"
{[Ca— EDTA]* }[Pb*'] 5x10"

=2x10’

The very high K value for the exchange reaction indicate that all Pb** will be converted into
[Pb— EDTA]*", but since concentration of both Ca** and [Cd — EDTA]*™ are very high, will

remain unchanged. Therefore :
[Pb— EDTA]* _ K[Ca— EDTA]*

1
Ratio - - =2 %107 — =8 x10°
[Pb™" ] [Ca™] 25
From the thermodynamic informations : AH°® =90.5 kJ and AS° =285.5 JK '
0 A G°=485kJ=-RTInK O K=0.143=p°
(p = partial pressure of NH;)
g p=0378bar and P(eqm)=2P =0.756 bar.
AG”° (reaction) =2 x52 =98 =6k] =—=RTIn K [0 K =0.09
Also, for N,O0, = 2NO,
4a?
K= P =009 Ooa= 0.1483

1-a’
Also, since reaction is occurring at constant pressure and temperature :

yvOn O % volume increase would be 14.83.

5
AB,(g) +A(5) = 24B(s) K=,
Let at new equilibrium partial pressure of AB(g) =x and of AB,(g) = y bar.
5 2
0 2= ()
9
Also x+y=04 ...(11)
Solving, Egs. (i) and (ii) gives x =0.27; y=0.13

W

1
Volume % of 4B, (g) = é’iﬁ%x 100 =32.5

Volume % of AB(g) = 67.5.



381.

382.

383.

Since, volume of container is 1.0 litre, concentrations of each species will be equal to their moles.
Now, setting the equilibrium table

N,(g) +3H,(g) = 2NH;(g)

I-x 3-3x 2x -y
NH; (g) + H,S(g) = NH,HS(g), K, =8 x10° =K _(RT)"
2x -y I-y y 0 K, =0.4592
0 K, =04592=— 2 als0 2x - y=0.9
A=y Q2x-y
1-y
O —=242 0 y=03 and x=0.6
y

2x-y)° _ (0.9)
27(1-x)% 2704
O K, (for Ist reaction) =K. (RT)? =3.55x107*
[H,S]=1-y=0.7M
Let P, be the initial pressure of N,0,(g), then:
N,0,(g) = 2NO,(g)

O K (for the 1st reaction) =

18
P -03P 0.6 P, K,=—P, ..(0)
35
On doubling volume, the initial pressure will be halved.
N,0,(g) == 2NO,(g)
&—P 2P
2
4> PO 1 a? 18
g K, = = P = 2P, =— P, from Eq. (i
p I » BEH 0 D_ZjDPo I-a 0 =350 { q. (O}
2 P, 02
0 350°+9a-9=0
-9 +,/81 +36 x35
O a= =0 =0.3945

O 39.45% N,O, dissociated.
AH° (Reaction) =AH ;| (N,05) =AH; (O5) =2AH; (NO,)=11-143 =2 x33 = ~198 kJ

-+ Reaction turned spontaneous to non-spontancous at 1175 K implies that at this temperature
AG° =0.

ie., -198 x10° -1175A5°=0 O A S°=-168.5JK"'

Now at 500 K, AG°® = -198 x10° =500 (-168.5) = -113.75 x10°

Also, AG°=-RT In K =-113.75 x10°



374 Problems in Chemistry
0 InK =2736 and K, =7.65x10"
384. (a) AH° (Reaction) = AH ; (Products) — AH ; (Reactants)

0 - 55 AH; (N,05)-2x332 0 A H; (N,05)=+11.4kJ

Also, AS° (Reaction) =S§° (Products) — S ° (Reactants)
-227=8S°(N,05)-2 ><240—%><205 O S§°(N,05)=3555

AG° =-55 x10° +298 x227 =12.646 x10° J

(b) -+ AG° >0, reaction is non-spontaneous at 298 K.
(¢) - AG°>0,increasing temperature will drive the reaction in backward direction.

CH
385. >c c< >c c<
a6

AG;\\K\PZ Ac%kp3
H, H
e
H,C H

NG, =62.97-65.85 = -2.88k] =-RT In K,

2880
O MKy =————=0693 0 K, =2
8,314 % 500 h
AG, =58.07-65.85=-7.78k] ==RT In K,
7780
: K =R 3taxs00 0 KT

Now let us consider initially there was 1.0 mol of cis-2-butene only and at equilibrium, there are
x-mol trans-2-butene and ymol 2-methyl propene.

X Y
a K, = =2, K, =———=6.5
S y R - y
Solving, x=0.21 and y=0.6842

0 At equilibrium, mixture contain 21% trans-2-butene, 68.42% 2-methyl propene and rest
10.58% cis-2-butene.
386. Let x mol PCl; (g) decomposes into PCl;(g) and Cl, (g) as:

PCl5 (g) == PCl5(g)+Cl,(g2)
0.02 - x X X
At equilibrium.:  Total moles of gaseous species =0.02 +x +0.015 =0.035 +x
0.02

O Partial pressure : PCl =———x1.843
pressu (&)= 5035+



X
Cl =PCl =~ x1.843
2 (g) 3(8) 0.035 +

_ x* x1.843

(0035 +x) (0.02 —x)

Solving, x =0.01 [0 Total moles at equlibrium =0.035 + 0.01 =0.045

_0.045x 0.082 x 500

- 1.843

387. Let initially, there are 100 moles of gaseous mixture. Then
SO, +10, = SO,

15 20 65

After changing temperature to 7', let x mole of SO, is consumed.
Now at new equilibrium : SO, =15 —x

0, =20 -x/2
SO, =65 +x

U Kp =04

g =1.0L

From the given condition : 65 +x =0.8 @oo —%@ 0 x=10.7

Therefore, partial pressures at new equilibrium are :

_ 757 43 1465
370465 M PY2 T 04650 T2 T 9465
7 o4, .
. K (1y= DT 9465 (0465 o
9465 43  V14.65
22600 21
Alo, AG*=-RTInK,=-22600 4217 0 WK, == =-" =38

Solving, T'=429.7 K.
388. Initially : CO(g)+H,0(g) = CO,(g)+H,(g)
1-x 1-x X x

o ox O 3
K=9=HH 7 =4

. 1 3
At this equilibrium, moles of CO = H,0 = 2 and moles of CO, = H, = Y Now, let us assume that

CO, (g) flask contained x mole of CO, (g). Then
CO(g) + H,0(g) = CO,(g) + H,(g)

1 1 1
%+y§ %+)§ §+x—y§ %—y@ Alsoy—Z
_0.5(0.5-x)
~(0.5) (0.5)
Hence, volume of CO, (g) flask = 4.00 litre.

0 x=4



389. H, + I, — 2HI

2
05-x 05-x 2x O l:0.15
V
2y
0.8 - 0.8 - 2 o —==2
y y y =
0 0 02y O
k=g 0 = ) 00 yEléx
S-—x L=y
2 .
0 232 15=024M
Vo 2x
390. For C(s) + CO,(g) = 2CO(g)
PZ
Kp =—- =100 P, =63
Co,
0 Feo, =0.63  and F, =6.3 atmosphere
0 P(total) =6.3 +0.63 =6.93 atmosphere.

IONIC EQUILIBRIUM

391. For weak acid HA, the ionization equilibrium is :
HA = H' +4°

c(l-a) Ca Ca
Also, [H*]=107% =Ca =0.1a Oa= 0.1
2
0 k, =9 —11x107
1-a

Now, let us assume that 100 mL 0.1 M HCl is added to /' mL of the above weak acid.

m mol of HCI added =100 x0.1 =10
m mol of 4™ in the solution =x

mmol of H4 =0.1V
If, in presence of HCI, x m mol of HA is ionized,
m mol of H* in the solution =x +10

m mol of 4™ in the solution =x

m mol of unionized H4 =0.1V —x

e
+

0 g, =LA T @O0 -

[HA]  (100+V)0.1V —x)

. ) +10
and [H"]=2x102 =
100+
2x1072

0 207X _ 1 1x10® O v=192x

0.1V -x)
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