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01) Write the equilibrium constant expression for the following chemical reaction :

Cl3(aq) + 2Br– (aq)   2Cl– (aq) + Br2(aq)

Describe what happens at the molecular level as the Br– ion from solid NaBr, which is
soluble, is added to a system in which the four species have reached equilibrium.
Ans :  Do yourself

02) On the basis of the equilibrium constant values, choose the reactions in which the prod-
ucts are favored :

(a)  NH3(aq) + H2O(l) NH4
+ (aq) + OH– (aq) K = 1.8 × 10–5

(b)  Au+ (aq) + 2CN– (aq)        [Au(CN2]
– (aq) K = 2 × 1018

(c)  PbC2O4(s) Pb2+ (aq) + C2O4
2– (aq) K = 4.8

(d)  HS– (aq) + H+ (aq)     H2S(aq) K = 1.0 × 107

Ans :  (a)  Products formation not favoured.
(b)  Product formation favoured
(c)  Product formation favoured
(d)  Product formation favoured

03) The reaction between nitrogen and oxygen to form NO(g) is represented by the chemi-
cal equation

N2(g) + O2(g) 2NO(g)
The equilibrium concentrations of the gases at 1500 K are 1.7 × 10–3 mol/L for O2, 6.4 ×
10–3 mol/L for N2 and 1.1 × 10–5 mol/L for NO. Calculate the value of Kc at 1500 K from
these data.
Ans :  1.1 × 10–5

04) The reaction described by the equation

PCl3(g) + Cl2(g)   PCl5(g)
has come to equilibrium at a temperature at which the concentration of PCl3. Cl2, and PCl5
are 10, 9, and 12 mol, respectively. Calculate the value of Kc for this reaction at that
temperature.
Ans :  0.13

05) The following equation is given, At 500 K, Kc = 7.9 × 1011

H2(g) + Br2(g) 2HBr(g)
(a)  ½ H2(g) + ½ Br2(g)      HBr(g) Kc = ?
(b)  2HBr(g)         H2(g) + Br2(g) Kc = ?
(c)  4HBr(g)        2H2(g) + 2Br2(g) Kc = ?
Ans : (a)  8.9 × 105

(b)  1.3 × 10–12

(c)  1.6 × 10–2

06) A sealed tube initially contains 9.84 × 10–4 mol H2 and 1.38 × 10–3 mol I2. It is kept at
350ºC until the reaction

H2(g) + I2(g) 2HI(g)
comes to equilibrium. At equilibrium, 4.73 × 10–4 mol I2 is present. Calculate (a) the
numbers of moles of H2 and HI present at equilibrium; (b) the equilibrium constant of the
reaction.
Ans :  (a) 7.4 × 10–5 mole H2, 1.8 × 10–5 mole HI (b)  92
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07) Arrange the following in order of increasing tendency of the forward reactions to proceed
toward completion.
(a)  H2O(g)       H2O(l) Kc = 782

(b)  F2(g)    2F(g) Kc = 4.9 × 10–21

(c)  C(graphite) + O2(g)      CO2(g) Kc = 1.3 × 1069

(d)  H2(g) + C2H4(g)         C2H6(g) Kc = 9.8 × 1018

(e)  N2 O4(g) 2NO2(g) Kc = 4.6 × 10–3

Ans :  (b) < (e) < (a) < (d) < (c)
08) It is given that A(g) + B(g) C(g) + 2D(g). One mole of A and one mole of B are

placed in a 0.400 L container. After equilibrium  has been established, 0.20 mol of C is
present in the container. Calculate the equilibrium constant for the reaction.
Ans :  0.12

09) We place 0.500 mol CO, 0.500 mol CO2, and 0.500 mol H2 in a 1.00 L container and allow
the reaction to reach equilibrium. What will be the equilibrium concentrations of all sub
stances present ?

CO(g) + H2O(g)     CO2(g) + H2(g) Kc = 1.845

Ans :  0.424 M CO, 0.576 M CO2

10) Why is it useful to compare Q with K? What is the situation in the case of (a) Q = K?
 (b) Q < K? (c) Q > K?
Ans :  (a) Reaction is at equilibrium (b) Reaction shift  in forward direction

(c) Reaction shift in backward direction.
11) If the reaction quotient is larger than equilibrium constant, what will happen to the reac-

tion ? What will happen if Q < K?
Ans : Do yourself

12) The concentration equilibrium constant for the gas-phase reaction;
HCHO H2 + CO

has the numerical value 0.50 at a given temperature. A mixture of HCHO, H2, and CO is
introduced into a flask at this temperature. After a short time, analysis of a small sample
of the reaction mixture shows the concentrations to be [HCHO] = 0.50 M, [H2 ] = 1.50 M,
and [CO] = 0.5 M. Classify each of the following statements about this reaction mixture
as true of false.
(a)  The reaction mixture is at equilibrium.
(b)  The reaction mixture is not at equilbrium, but no futher reaction will occur.
(c)  the reaction mixture is not at equilbrium, but will move towad equilibrium by using up
       more HCHO.
(d)  The forward rate of this reaction is the same as the reverse rate.
Ans : (a)  False (b)  False (c)  False (d)  False

13) For the reaction described by the equation
N2(g) + C2H2(g)    2HCN(g)

Kc = 2.3 × 10–4 at 300ºC. What is the equilibrium concentration of hydrogen cyanide if the
initial concentrations of N2 and acetylene (C2H2) were 5.0 mol/L and 2.0 mol/L, respec-
tively ?
Ans :  –0.048 HCN
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14) For the reaction
PCl3(g) + Cl2(g)    PCl5(g)

Kc = 96.2 at 400 K. What is the concentration of Cl2 at equilibrium if the initial concentra-
tions were 0.10 mol/L for PCl3 and 3.5 mol/L for Cl2 ?
Ans :  [Cl2 ] = 3.4 M

15) At some temperature, the reaction
N2(g) + 3H2(g)   2 NH3(g)

has an equilibrium constant Kc numerically equal to 1. For such a situation, state whether
each of the following statements is true of false, and explain why.
(a)  An equilibrium mixture must have the H2 concentration three times that of N2 and the
      NH3 concentration twice that of H2.
(b)  An equilibrium mixture must have the H2 concentration is three times that of N2.
(c)  A mixture in which the H2 concentration is three times that of N2 and the NH3 concen
      tration is twice that of N2 could be an equilibrium mixture.
(d)  A mixture in which the concentration of each reactant and each product is 1 M is an
      equilibrium mixture.
(e)  Any mixture in which the concentrations of all reactants and products are equal is an
      equilibrium mixture.
(f)  An equilibrium mixture must have equal concentrations of all reactants and products.
Ans :  (a)  False (b)  False (c)  True

(d)  True (e)  False (f)  False
16) At a certain temperature, Kc for the following reaction is 0.450. If 0.800 mol of POCl3 is

placed in a closed 2.00 L vessel at this temperature, what percentage of it will be dissoci-
ated when equilibrium is established ?

POCl3(g)   POCl(g) + Cl2(g)
Ans :  63.8% of PCl5 is dissociated

17) What will be the effect of increasing the total pressure on the equilibrium conditions for
(a)  a reaction that has more moles of gaseous products than gaseous reactants,  (b)  a
reaction that has more moles of gaseous reactants than gaseous products, (c)  a reaction
that has the same number of moles of gaseous reactants and gaseous products, and (d)
a reaction in which all reactants and products are either pure solids, pure liquids, or in
solution ?
Ans : Do yourself

18) What would be the effect on the equilibrium position of an equilibrium mixture of carbon.,
oxygen, and carbon monoxide if the total pressure of the system were decreasesd ?

2C(s) + O2(g)  2CO(g)
Ans : Do yourself

19) Consider the reaction
CaCO3(s)      CaO(s) + CO2(g)

Will the mass of CaCO3 at equilibrium (i) increase, (ii) decrease, or (iii) remain the same
if  (a)  CO2 is added to the equilibrium system ? (b)  the pressure is increased ? (c) solid
CaO is removed ?
Ans :  Do yourself

20) Predict whether the equilibrium for the photosynthesis reaction described by the equation
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6CO2(g) + 6H2O(l)        C6H12(s) + 6O2(g)

∆Hº = 2801.69 kJ/mol
would (i) shift to the right, (ii) shift to the left, or (iii) reamain unchanged if (a) [CO2]
were increased; (b) PO2 were increased; (c) one half of the C6H12O6 were removed; (d) the
total pressure were decreased; (e)  the temperature were decreased; (f) a catalyst were
added.
Ans : Do yourself

21) What would be the effect of increasing the pressure by decreasing the volume on each of
the following systems at equilibrium ?
(a)  2CO(g) + O2(g) 2CO2(g)

(b)  2NO(g) N2(g) + O2(g)

(c)  N2O4(g) NO2(g)

(d)  Ni(s) + 4CO(g) Ni(CO)4(g)

(e)  N2(g) + 3H2(g) 2NH3(g)
Ans : Do your self

22) Given: A(g) + B(g)       C(g) + D(g)
(a)  At equilibrium a 1.00-litre container was found to contain 1.60 mole of C, 1.60 mole
of D, 0.40 mole of A, and 0.40 mole of B. Calculate the equilibrium constant for this re-
action.
(b)  If 0.20 mole of A and 0.20 mole of B are added to this system, what will the new
equilibrium concentration of A be ?
Ans :  (a)  16

(b)  0.44 M
23) Given: A(g)       B(g) + C(g)

(a)  When the system is at equilibrium at 200ºC, the concentrations are found to be:
 [A] = 0.30 M, [B] = 0.20 M = [C] . Calculate Kc.
(b)  If the volueme of the container in which the system is at equilibrium is suddenly
doubled at 200ºC, what will the new equilibrium concentrations be ?
(c)  Refer back to part (a) . If the volume of the container is suddenly halved at 200ºC,
what will the new equilibrium concentraions be ?
Ans :  (a)  0.13

(b)  [A] = 0.13 M, [B] = [C] = 0.12 M
(c)  [A] = 0.70 M, [B] = [C] = 0.30 M

24) At 25ºC, Kc is 5.84 × 10–3 for the dissociation of dinitrogen tetroxide to nitrogen dioxide.
N2O4         2NO2(g)

(a)  Calculate the equilibrium concentrations of both gases when 2.50 grams of N2O4 are
placed in a 2.00 litre flask at 25ºC.
(b)  What will be the new equilibrium concentrations if the volume of the system is sud-
denly increased to 4.00 liters at 25º C ?
(c)  What will be the new equilibrium concentrations if the volume is decreased to 1.00
liter at 25ºC ?
Ans :  (a)  [N2O4] = 9.8 × 10–3 M, [NO2] = 7.56 × 10–3 M

(b)  [N2O4] = 4.3 × 10–3 M, [NO2] = 4.98 × 10–3 M
(c)  [N2O4] = 0.022 M, [NO2] = 0.0113 × 10–3 M
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25) For the reaction
2CO(g)  C(graphite) + CO2(g)

KP = 6.0 × 10–4 at 1473 K. CO(g) is initialy at 1.00 atm. It is kept in contact with graphite
at 1473 K until the reaction has come to equilibrium. What is the partial pressure of CO2

at equilibrium ?
Ans :  6 × 10–4 atm

26) In the distant future, when hydrogen may be cheaper than coal, steel mills may make
iron by the reaction

Fe2O3(s) + 3H2(g)       2Fe(s) + 3H2O(g)
For this reaction, ∆H = 96 kJ/mol and Kc = 8.11 at 1000 K . (a) What percentage of the H2

remains unreacted after the reaction has come to equilibrium at 1000 K ? (b) Is this
percentage greagter or less if the temperature is increased above 1000 K ?
Ans :  (a)  33.2% H2 unreacted (b) Less

27) A flask contains NH4Cl(s) in equilibrium with its decomposition products :
NH4Cl(s)  NH3(g) + HCl(g)

For this reaction, ∆H = 176 kJ/mol. How is the mass of NH3 in the flask affected by each
of the following disturbances ? (a) The temperature is increased. (b)  NH3 is added. (c)
HCl is added. (d) NH4Cl is added, with no appreciable change in the gas volume. (e) A
large amount of NH4Cl is added, decreasing the volume available to the gases.
Ans : Do yourself

28) What must be ture of the value of ∆Gº for a reaction if
(a)  K >> 1; (b)  K = 1; (c)  K << 1 ?
Ans :  Do yourself

29) A mixture of 3.00 mol of Cl2 and 3.00 mol of CO is enclosed in a 5.00-L flask at 600ºC. At
equilibrium, 3.3% of the Cl2 has been consumed.

CO(g) + Cl2(g) COCl2(g)
(a)  Calculate Kc for the reaction at 600ºC
(b)  Calculate ∆Gº for the reaction at this temperature.
Ans :  (a)  Do yourself

(b)  Do yourself
30) The following is an example of an alkylation reaction that is important in the production

of iso-octane (2,2,4-trimethylpentane) from two components of crude oil, isobutane and
isobutene. Iso-octane is an antiknock additive for gasoline.

The thermodynamic equilibrium constant, K, for this reaction at 25ºC is 4.3 × 106, and ∆Hº is –
78.58 kJ/mol.
(a)  Calculate ∆Gº at 25ºC
(b)  Calculate K at 800ºC
(c)  Calculate ∆Gº at 800ºC
(d)  How does the spontaneity of the forward reaction at 800ºC compare with that at 25ºC

isobutane

catalyst+ CH3
C CH2

CH3

C HCH3

CH3

CH3

CCH3

CH3

CH3

C CH3
CH2

CH3

H

isobutane iso-octane

∆
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(e)  Why do you think the reaction mixture is heated in the industrial prepareation of
iso-octane?
(f)  What is the purpose of the catalyst ? Does it affect the forward reaction more than the
reverse reaction ?
Ans :  (a)  –37.9 kJ/mole reaction at 25ºC

(b)  KP = 4.9 × 10–4

(c)  68 kJ /mole rxn at 800ºC
(d)  Do yourself
(e)      ”
(f)      ”

32) The value of KP at 25ºC for
2CO(g) C(graphite) + CO2(g)

is 1.11 × 1021. What is the value of Kc ? Describe what will happen if 2 mol of CO and 1
mol of CO2 are mixed in a 1-L container with a suitable catalyst to make the reaction “go”
at this temperature.
Ans :  272 × 1022, Qc = 0.2, reaction favours products

33) Given the reaction
H2(g) + Br2(g) 2HBr(g)

(a)  At 500 K, Kc = 7.9 × 1011. What is KP ?

(b)  ½H2(g) + ½Br2(g)     HBr(g) KP = ?

(c)  2HBr(g)         H2(g) + Br2(g) KP = ?

(d)  4HBr(g)           2H2(g) + 2Br2(g) KP = ?
Ans :  (a)  7.9 × 1011

(b)  8.9 × 105

(c)  1.3 × 10–12

(d)  1.6 × 10–24

34) A mixture of CO, H2, CH4 and H2O is kept at 1133 K until the reaction
CO(g) + 3H2(g)   CH4(g) + H2O(g)

has come to equilibrium. The volume of the container is 0.100 L. The equilibrium mixture
contains 1.21 × 10–4 mol CO, 2.47 × 10–4 mol H2, 1.21 × 10–4 mol CH4, and 5.63 × 10–8 mol
H2O. Calculate KP for this reaction at 1133 K.
Ans :  4.32 × 10–3

35) If a mixture of 3 moles of H2 and one mole of N2 is completely converted into NH3, what
would be the ratio of the initial and final volume at same temperature and pressure ?
Ans : 4/2 = 2

36) Kc for the reaction, N2 + 3H2 2NH3 is 0.5 mole–2 liter2 at 400 K. Find the KP. Given
 R= 0.082 litre atm degree–1 mole–1.
Ans : 4.636 × 10–4 (atm)–2

37) For the reaction A + B   3C at 25ºC, a 3 litre vessel contains 1,2,4 moles of A, B and
C respectively. Predict the direction of reaction if :
(a)  KC  for the reaction is 10.
(b)  KC for the reaction is 15.
(c) KC for the reaction is 10.66.
Ans :  (a)  Reaction shift in backward direction
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(b)  Reaction shift in forward direction
(c)  Reaction is at equlibrium

38) For the reaction, A + B  2C; 2 moles of A and 3 moles of B are allowed to react. If
the equilibrium constant is 4 at 400ºC, what will be the moles of C at equilibrium ?
Ans :  2.4

39) In which case does the reaction go farthest to completion K = 1; K = 1010; K = 10–10 and
why ?
Ans :  K = 1010

40) The molar concentrations of A and B are 0.80 mole litre–1 each. On mixing them, the
reaction starts to proceed as A + B C+ D and attains equilibrium. At equilibrium,
molar concentration of C is 0.60 mole liter–1. Calculate KC of the reaction.
Ans :  9

41) In an equilibrium A + B   C + D; A and B are mixed in a vessel at temperature T. The
initial concentration of A was twice the initial concentration of B. After the equilibrium has
reached,  concentration of C was thrice the equilibrium concentration of B. Calculate KC.
Ans :  1.8

42) The value of KP for dissociation of 2HI    H2 + I2 is 1.84 × 10–2. If equilibrium concen-
tration of H2 is 0.4789 mole litre–1, calculate the concentration of HI at equilibrium.
Ans :  3.53 mole/L

43) One mole of H2, two moles of I2 and three moles of HI are injected in one litre flask. What
will be the concentration of H2, I2 and HI at equilibrium at 500ºC. KC for reaction;

H2 + I2 2HI  is 45.9
Ans :  [H2] = 0.316 mole/L , [I2] = 1.316 M

[HI] = 4.386 M
44) 0.5 moles of H2 and 0.5 moles of I2 react in 10 litre flask at 448ºC. The equilibrium con-

stant (KC) is 50 for :
H2 + I2 2HI

(a)  What is the value of KP ?
(b)  Calculate moles of I2 at equilibrium.
Ans :  (a)  50 (b)  0.11

45) 0.96 g of HI were heated to attain equilibrium 2HI H2 + I2. The reaction mixture on
titration requires 15.7 mL of N/10 hypo solution. Calculate degree of dissociation of HI.
Ans :  αααααHI = 0.209

46) 0.1 mole of N2O4(g) was sealed in a tube under atmolpheric conditions at 25ºC. Calculate
the number of moles of NO2(g) present, if the equilibrium,

N2O4(g) 2NO2(g) (KP = 0.14)
is reached after some time.
Ans :  0.034 mole

47) The degree of dissociation of N2O4 into NO2 at one atmosphere and 40ºC is 0.310. Calcu
late its KP at 40ºC. Also report the degree of dissociation at 10 atm pressure at same
temperature.
Ans :  10.25%

48) How much PCl5 must be added to a one litre vessel at 250ºC in order to obtain a concen-
tration of 0.1 mole of Cl2 ? KC for PCl5     PCl3 + Cl2 is 0.0414 mole/litre.
Ans :  0.3415 moles



PHYSICAL CHEMISTRY By: Shailendra Kumar

1. Opp. Khuda Baksh Library, Ashok Rajpath, Patna - 4
2. House no. 5A/65, Opp. Mahual Kothi, Alpana Market, Patna Page No.: 8

49) The degree of dissociation of PCl5 at 1 atmosphere pressure is 0.2. Calculate the pressure
at which PCl5 is dissociated to 50% ?
Ans :  0.1248 atm

50) The equilibrium concentration of the reactants and products for the given equilibrium in a
two litre container are shown below.

PCl3(g) +    Cl2(g)    PCl5(g)

2 M        1 M    4 M
If 2 mole of Cl2 are added in the container, find the new equilibrium concentration of
each.
Ans :  4.5 M

51) One mole of N2 and 3 moles of PCl5 are placed in a 100 litre vessel heated to 227ºC. The
equilibrium pressure is 2.05 atm. Assuming ideal behaviour, calculate degree of dissocia-
tion of PCl5 and KP of the reaction.

PCl5      PCl3 + Cl2
Ans :  0.20

52) One mole of N2 is mixed with three moles of H2 in a 4 litre vessel. If 0.25% N2 is converted
into NH3 by the reaction,

N2(g) + 3H2(g)        2NH3(g)

Calculate KC. Also report KC for 1/2 N2 + 3/2 H2       NH3.
Ans :  3.86 × 10–3 litre mole–1

53) NH3 is heated at 15 atm from 27ºC to 347ºC assuming volume constant. the new pressure
becomes 50 atm at equilibrium of the reaction 2NH3    N2 + 3H2. Calculate % of moles
of NH3 actually dicomposed.
Ans :  61.3%

54) In a mixture of N2 and H2 in the ratio 1 : 3 at 30 atm and 300ºC atm the % of NH3 at eq-
uilibrium is 17.8. Calculate Kp for N2 + 3H2           2NH3.
Ans :  7.29 × 10–4 atm–2

55) For NH4HS(s)       NH3(g) + H2S(g), the observed pressure of reaction mixture in equilibri-
um is 1.12 atm at 106ºC. What is the value of KP for the reaction ?
Ans :  0.3136 atm2

56) Some solid NH4HS is placed in flask containing 0.5 atm of NH3. What would be pressures
of NH3 and H2S when equilibrium is reached;

NH4HS(s)  NH3(g) + H2S(g); KP = 0.11
Ans :  0.1653 atm

57) The equilibrium pressure of NH4CN(s)    NH3(g) + HCN(g) is 0.298 atm. Calculate KP. If
NH4CN(s) is allowed to decompose in presence fo NH3 at 0.25 atm, calculate partial pres
sure of HCN at equilibrium.
Ans :  0.0694 atm

58) At 1000 K, the pressure of iodine gas is found to be 0.112 atm due to partial dissociation.
Had there been no dissociation the pressure would have been 0.074 atm. Calculate KP for
the reaction, I2(g)       2I(g).
Ans :  0.16 atm

59) When C2H5OH and CH3COOH are mixed in equivalent proportion, equilibrium is reached
when 2/3 of acid and alcohol are used. How much ester will be present when 2 g molecule
of acid  were to react with 2 g molecule of alcohol.
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Ans:  1.33 mole
60) When α – d glucose is dissolved in water, it undergoes a partial conversion to β – d glu-

cose to exhibit mutarotation. This conversion stops when 63.6% of glucose is in β form.
Assuming that equilibrium has been attained, calculate KC for mutarotation.
Ans :  1.747

61) Sulphide ions in alkaline solution react with solid sulphur to form polyvalent sulphide
ions. The equilibrium constant for the formation of S   and S   from S and S–2 ions  are 1.7
and 5.3 resepectively. Calculate equilibrium constant for the formation of S   from S    and
S.
Ans :  3.11

62) For A + B      C, the equilibrium concentration of A and B a temperature are 15 mole
litre–1. When volume is doubled the reaction has equilibrium concentration of A as 10
mole litre–1, Calculate :
(a)   KC

(b)  Concentration of C in original equilibrium.
Ans :  (a)  0.2 (b)  45 M

63) For the equilibrium :
LiCl.3NH3(s) LiCl.NH3(s) + 2NH3, KP = 9 atm2

at 40ºC, A 5 litre vessel contains 0.1 mole of LiCl.NH3. How many moles of NH3 should be
added to the flask at this temperature to derive the backward reaction for completion ?
Ans :  0.7837

64) Ammonium carbamate dissociates as NH2COONH4(g)    2NH3(g) + CO2(g). In a closed
vessel containing ammonium carbamate in equilibrium, ammonia is added such that par-
tial pressure of NH3 now equals to the original total pressure. Calculate the ratio of total
pressure now to the original pressure.
Ans :  31/27

65) 0.1 mole each of ethyl alcohol and acetic acid are allowed to react and at equilbrium, the
acid was exactly neutralized by 100 mL of 0.85 N NaOH. If no hydrolysis of ester is
supposed to have undergo find KC.
Ans :  0.031

66) The degree of dissociation of HI at a particular temperature is 0.8. Calculate the volume
of 2 M Na2S2O3 solution required to neutralise the iodine pressure in a equilibrium mix-
ture of a reaction when 2 mole each of H2 and I2 are heated in a closed vessel of 2 litre
capacity.
Ans :  1.6 litre

67) Predict the effect upon the following reaction equilibria of increased temperature and of
increased pressure.
1.  CO(g) + H2O(g)       CO2(g) + H2(g) ∆H = – ve

2.  2SO2(g) + O2(g)        2SO3(g) ∆H = – ve

3.  N2O4(g)       2NO2(g) ∆H = + ve
4.  H2O(g)       H2(g) + ½O2(g) ∆H = + ve
5.  2O3(g)       3O2(g) ∆H = – ve

6.  CO(g) + 2H2(g)       CH3OH(g) ∆H = – ve

7.  CaCO3(s)         CaO(s) + CO2(g) ∆H = + ve

2
-2

3
-2

3
-2

2
-2
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8.  C(s) + H2O(g)     H2(g) + CO(g) ∆H = + ve

9.  4HCl(g) + O2(g)       2H2O(g) + 2Cl2(g) ∆H = – ve
10  C(s, diamond)    C(s, graphite) (This equilibrium can exist only under very special
    conditions.) Densities of diamond and graphite are 3.5 and 2.3 g/cm3, respectively. ∆H = – ve

Effect of increased temp. Effect of increased pressure
Ans :  (1) Shift Left No Shift

(2) Shift Left Shift Right
(3) Shift Right Shift Right
(4) Shift Right Shift Left
(5) Shift Left Shift Left
(6) Shift Left Shift Right
(7) Shift Right Shift Left
(8) Shift Right Shift Left
(9) Shift Left Shift Right
(10) Shift Left Shift Left

68) A system at equilibrium is described by the equation
Heat + SO2Cl2            SO2 + Cl2

Why does the temperature of the system increase when Cl2 is added to the equilibrium
mixture at constant volume ?
Ans :  The Cl2  causes a shift to the left producing heat and thus raising temp.

69) Predict the effect on each of the following equilibria of decreasing the volume of the
system :
(a)  Heat + MgCO3(s) MgO(s) + CO2(g)

(b)  2C(s) + O2(g)     2CO(g) + heat
Ans :  (a)  To the left

(b)  To the left
70) Calculate the value of the equilibrium constant for the reaction

A + B C + D
if at equilibrium there are 1.0 mole of A, 2.0 mole of B 6.0 mole of C, and 20 mole of D in
a 1.0-L vessel.
Ans :  60

71) Determine the value of the equilibrium constant for the reaction
A + 2B 2C

if 1.0 mole of A and 1.5 mole of B are placed in a 2.0-L vessel and allowed to come to
equilibrium. The equilibrium concentration of C is 0.35 mole/L.
Ans :  2.4

72) At 46ºC, KP for the reaction
N2O4(g) 2NO2(g)

is 0.66 atm. Compute the percent dissociation of N2O4 at 46ºC and a total pressure of 380
torr. What are the partial pressures of N2O4 and NO2 at equilibrium ?
Ans : 50%, PNO2 = 0.332 atm, PN2O4 = 0.168 atm

73) Calculate the equilibrium concentration of T after 1.0 mole of G, 2.0 mole of J, and 0.50
mole of D are put into a 1.0-L vessel and allowed to come to equilibrium.

2G + J D + 2T K = 1.5 × 10–3
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Ans :  0.078

74) For the reaction

CaCO3(s)   CaO(s) + CO2(g)

KP = 1.16 atm at 800ºC. If 20.0 g of CaCO3 was put into a 10.0-L container and heated to
800ºC, what percent of the CaCO3 would remain unreacted at equilibrium ?
Ans :  34%

75) At 27ºC and 1.00 atm, N2O4 is 20.0% dissociated into NO2. Fine (a)  KP and   (b)  the
percent dissociation at 27ºC and a total pressure of 0.10 atm. (c)  What is the extent of
dissociation in a 69-g sample of N2O4 confined in a 20-L vessel at 27ºC ?
Ans :  (a)  0.17 (b)  55% (c)  0.75 mole

76) Ammonium hydrogen sulfide dissociates as follows :
NH4HS(s)   H2S(g) + NH3(g)

If solid NH4HS is placed in an evacuated flask at a certain temperature, it will dissociate
until the total gas pressure is 500 torr.
(a)  Calculate the value of the equilibrium constant for the dissociation reaction.
(b)  Additional NH3 is introduced into the equilibrium mixture without change in tempera
ture until the partial pressure of ammonia is 700 torr. What is the partial pressure of H2S
under these conditions ? What is the total pressure in the flask ?
Ans :  (a)  0.108 atm2

(b)  789 torr
77) For the reaction

SnO2(s) + 2H2(g)    2H2O(g) + Sn(l)

Calculate KP (a) at 900 K, where the equilibrium steam-hydrogen mixture was 45% H2 by
volume; (b)  at 1100 K, where the equilibrium steam-hydrogen mixture was 24% H2 by
volume.  (c)  Would you recommend higher or lower temperature for more efficient re
duction of tin ?
Ans :  (a)  1.5

(b)  10
(c)  The higher temperature  yields greater conversion

78) Under what conditions will CuSO4
.5H2O be efflorescent at 25ºC ? How good a drying

agent is CuSO4
.3H2O at the same temperature ? For the reaction

CuSO4
.5H2O(s)          CuSO4

.3H2O(s) + 2H2O(g)

KP at 25ºC is 1.086 × 10–4 atm2; the vapour pressure of water at 25ºC is 23.8 torr.
Ans :  33.3%

79) If K is not numerically equal to KP, how can bothe of the following equations be valid ?
∆Gº = – 2.30RT log K ∆Gº = – 2.30 RT log KP

Ans :  Disscused in classroom
80) Calculate ∆G and ∆Gº for the reaction at equilibrium at 27ºC

A + B C+ D
For which K = 10.
Ans :  –5.37 kJ

81) Which of the following statements is correct for a reversible process in a state of equilib-
rium ?
(a)  ∆G = – 2.30RT log K (b)  ∆G = 2.30RT log K
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(c)  ∆Gº = – 2.30RT log K (d)  ∆Gº = 2.30RT log K
Ans :  (a)  Incorrect (b)  Incorrect

(c)  Correct (d)  Incorrect
82) At 490ºC, the value of the equilibrium constant, KP, is 45.9 for the reaction.

H2(g) + I2(g)        2HI(g)

Calculate the value of ∆Gº for the reaction at that temperature.
Ans :  –5.79 K Cal

83) For the reaction at 298 K;
A(g) + B(g)      D(g) + C(g)

∆Hº = – 29.8 kcal and ∆Sº = – 0.100 kcal/K
What is the value of the equilibrium constant for the reaction ?
Ans : 1.0

84) Calculate the equilibrium concentration ratio of C to A if 2.0 mole each of A and B were
allowed to come to equilibrium at 300 K.

A + B          C + D ∆Gº = 460 cal
Ans : 0.679

85) When 1.00 mole of pure ethyl alcohol is mixed with 1.00 mole of acetic acid at room
temperature, the equilibrium mixture contains 2/3 mole each of ester and water (a) What
is the equilibrium constant ? (b)  What is ∆Gº for the reaction ? (c)  How many mole of
ester are formed at equilibrium when 3.00 mole of alcohol is mixed with 1.00 mole of acid
? All substances are liquids at the reaction temperature.
Ans :  (a)  4 (b)  –3.44 kJ (c)  0.9

86) In an experiment at 490ºC, the following equilibrium composition was obtained for the
reaction.

H2(g) + I2(g)         2HI(g) + heat
[H2 ] = 8.62 × 10–4 mole/L [I2 ] = 2.63 × 10–3 mole/L [HI] = 1.02 × 10–2 mole/L
(a)  Evaluate the equilibrium constant. (b)  Calculate ∆Gº. (c)  Predict the effect of in
creasing the volume on the equilibrium. (d)  Predict the effect of increasing the tempera-
ture on the equilibrium.
Ans :   (a)  45.9 (b)  –5.8 K Cal (c)  No effect

(d)  The equilibrium will shift left
87) Assuming that the heat capacities of H2(g), N2(g). and NH3(g) do not vary with tempera-

ture and further assuming that ∆S is independent of temperature for the reaction.
3H2(g) + N2(g)    2NH3(g)

estimate the minimum temperature at which this reaction will occur spontaneously with
all reactants at unit activity.
Ans :  467 K

88) For the reaction
CO(g) + H2O(g)   CO2(g) + H2(g)

the equilibrium constant at 1250 K is 0.63. (a) Calculate ∆Gº for the reaction at 1250 K.
(b) At 1250 K, does CO(g) react with H2O(g) to form CO2(g) and H2(g) in a system in which
all four are present at 1.0 atm, or does the reverse reaction occur ?
Ans :  (a)  +4.79 kJ

(b) Since ∆∆∆∆∆Gº > 0, this reaction does not occur but the reverse reaction
      does
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89. You place 1.00 mol of dinitrogen trioxide, N2O3, into a flask at 25.0°C and 1.00
atm, where it decomposes:

N2O3(g) NO2(g) + NO(g)

What is the composition of the reaction mixture at equilibrium if it contains 0.30
mol of nitrogen dioxide, NO2 ?

Ans : 0.70 mol N2O3, 0.30 mol NO2, 0.03 mol NO

90. Nitric oxide, NO, reacts with bromine, Br2, to give nitrosyl bromide, NOBr.

2NO(g) + Br2(g) 2NOBr(g)

A sample of 0.0873 mol Br2 gives an equilibrium mixture containing 0.0518 mol
NOBr.What is the composition of the equilibrium mixture ?

Ans : 0.0355 mol NO, 0.0178 mol Br2 0.0518 mol NOBr

91. Methanol, CH3OH, formerly known as wood alcohol, is manufactured commercially
by the following reaction:

CO(g)+2H2(g) CH3OH
A 1.500-L vessel was filled with 0.1500 mol CO and 0.3000 mol H2. When this
mixture came to equilibrium at 500 K, the vessel contained 0.1187 mol CO. How
many moles of each substance were in the vessel ?
Ans : 0.1187 mol CO, 0.2374 mol  H2

92. Write equilibrium-constant expressions Kc for each of the following reactions.

(a) POCl3(g)  POCl(g) + Cl2(g)

(b) 2H2(g) + O2(g)  2H2O(g)
(c) 2C2H4(g) + O2  2CH3CHO(g)
(d) 2H2S(g) + 3O2  2H2O(g)

Ans : (a) Kc =
[POCl][Cl2]

[POCl3] (b) K
c

=
[H  O]

[H ] [O ]
2

2

2
2

2

(c) K
c

=
[CH  CHO]

[C H ] [O ]
3

2

2 4

2
2

(d)  K
c

=
[H O]

[H S] [O ]

2

2

2

2
2

3

93. The equilibrium-constant expression for a gas reaction is

 K
c

=
[NH ] [O ]

[NO] [H O]

3
4

2
5

4
2

6

Write the balanced chemical equation corresponding to this expression.
Ans : 4NO(g)+6H2O(g)  4NH3(g)+5O2(g)

94. The equilibrium constant Kc for the equation
2HI(g)  H2(g) + I2(g)

at 425°C is 1.84. What is the value of Kc for the following equation ?
H2(g) + I2(g)  2HI(g)

Ans : Kc = 0.543
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95. A 5.00-L vessel contained 0.0185 mol of phosphorus trichloride, 0.0158 mol of phosphorus
pentachloride, and 0.0870 mol of chlorine at 230°C in an equilibrium mixture. Calculate the
value of Kc for the reaction

PCl3(g) + Cl2(g)  PCl5(g)
Ans : 49.1

96. Obtain the value of Kc for the following reaction at 500 K:
CO(g) + 2H2(g)  CH3OH(g)

Use the data given in problem no.3.
Ans : 10.5

97. At 77°C, 2.00 mol of nitrosyl bromide, NOBr, placed in a 1.00-L flask dissociates to the
extent of 9.4%; that is, for each mole of NOBr before reaction, (1.000 - 0.094) mol NOBr

remains after dissociation. Calculate the value of Kc for the dissociation reaction
2NOBr(g)  2NO(g) + Br2(g)

Ans : 1.0 × 10-3

98. Write equilibrium-constant expressions Kp for each of the following reactions:
(a) H2(g) + Br2(g)  2HBr(g)
(b) CS2(g)+4H2(g)  CH4(g) + 2H2S(g)
(c) 4HCl(g) + O2(g)  2H2O(g) + 2Cl2(g)
(d) CO(g) + 2H2(g)  CH3OH(g)

Ans : (a) K =
p

HBr2

H
2 Br2

P

P P (b) K =
p

  CH4 H2S

2

CS
2 H2

4

P P

P P

(c) K =
p

H2O 
2

H2S

2

HCl
4

O2

P P

P P
(d) K =

p

CH3OH 

CO
H2

2

P

P P

99. The value of Kc for the following reaction at 900°C is 0.28.
CS2(g)+4H2(g)  CH4(g)+2H2S(g)

What is Kp at this temperature ?
Ans : 3.0 × 10-5

100. The reaction
SO2(g)+1/2 O2(g)  SO3(g)

has Kp equal to 6.55 at 627°C. What is the value of Kc at this temperature ?
Ans : 56.3

101. Write the expression for the equilibrium constant Kc for each of the following equations:
(a) C(s)+CO2(g)  2CO(g)
(b) FeO(s)+CO(g)  Fe(s)+CO2(g)
(c) Na2CO3(s)+SO2(g)+1/2O2(g)  Na2SO4(s)+CO2(g)
(d) PbI2(s)  Pb2+(aq)+ 2I-(aq)

Ans : (a) K =
[CO]

[CO ]C

2

2

(b) K =
[CO]C

2
[CO ]
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(c) K =
[SO ][OC

2

2 2

1/ 2

[CO ]
] (d) Kc= [Pb2+][I-]2

102. The amount of nitrogen dioxide formed by dissociation of dinitrogen tetroxide,
N2O4(g)  2NO2(g)

increases as the temperature rises. Is the dissociation of N2O4 endothermic or
exthermic ?
Ans : endothermic

103. The equilibrium constant Kc for the reaction
PCl3(g)+Cl2(g)  PCl5(g)

equals 4.1 at 300°C.
(a) A sample of 35.8 g of PCl5 is placed in a 5.0-L reaction vessel and heated to

300°C. What are the equilibrium concentrations of all of the species ?
(b) What fraction of PCl5 has decomposed ?
(c) If 35.8 g of PCl5 were placed in a 1.0-L vessel, what qualitative effect would this

have on the fraction of PCl5 that has decomposed (give a qualitative answer
only,do not do the calculation)? Why ?

Ans : (a) [Cl2]=[PCl3] = 0.0306 M, [PCl5] = 0.0038
(b) 0.89 (c) Less PCl5 would decompose.

104. At moderately high temperatures, SbCl5 decomposes into SbCl3 and Cl2 as follows:
SbCl5(g)  SbCl3(g)+Cl2(g)

A 65.4-g sample of SbCl5 is placed in an evacuated 5.00-L vessel and it is
raised to 195°C and the system comes to equilibrium. If at this temperature 35.8% of the
SbCl5 is decomposed, what is the value of Kp ?
Ans :0.335

105. Sulfuryl chloride is used in oraganic chemistry as a chlorinating agent. At moderately
high temperatures it decomposes as follows:

SO2Cl2(g)  SO2(g)+Cl2(g)
with Kc =0.045 at 650 K

(a) A sample of 8.25 g of SO2Cl2 is placed in a 1.00-L reaction vessel and heated to
650 K. What are the equilibrium concentrations of all of the species ?

(b) What fraction of SO2Cl2 has decomposed ?
(c) If 5 g of chlorine is inserted into the reaction vessel, what qualitative effect would

this have on the fraction of SO2Cl2 that has decomposed ?
Ans : (a) [SO2]=[Cl2] = 0.0346 mol/L, [SO2Cl] = 0.0266 mol/L

(b) 0.565 (c) decrease
106. When 0.112 mol of NO and 18.22 g of bromine are placed in a 1.00-L reaction vessel

and sealed, the mixture is heated to 350 K and the following equilibrium is established:
2NO(g)+Br2(g)  2NOBr(g)

if the equilibrium concentration of nitrosysyl bromide is 0.0824 M, what is Kc ?
Ans : Kc = 106
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107. On the basis of the equilibrium constant values, choose the reactions in which the
products are favored :
(a) NH3(aq) + H2O(l) NH4

+(aq) + OH–(aq) k = 1.8×10–5

(b Au+(aq) + 2CN– [Au(CN)2 ]
–(aq)  k = 2 × 1018

(C) PbC2O4(s)  Pb+2(aq) + C2O2H
–2(aq)  k = 4.8

(d) Hs–(aq) + H+(aq) H2S(aq)  k = 1× 1017

Ans: Products favoured in (b), (c) and (d)
108. The reaction between nitrogen and oxygen to form NO(g) is represented by the chemi-

cal equation :
N2(g) + O2(g)  2 NO(g)

The equilibrium concentration of the gases at 1500 k are 1.7 × 10–3 mol/liter for O2

6.4 × 10–3 mol/L for N2, and 1.1 × 10–5 mol/L for NO. Calculate the value of Kc at
1500 k from there data.
Ans : 1.1 × 10–5   109.
The reaction described by the equation :

PCl3(g) + Cl2(g) PCl5(g)

has come to equilibrium a termperature at which the concentrations of PCl3, Cl2 and PCl5 are 10,
9 and 12 mol respectively. Calculate the value of Kc for this reaction at that temperature.
Ans :  0.13

110. The following equation is given. At 500 k, Kc = 7.9 × 1011 .
H2(g) + Br2(g)       2HBr(g)

(a) 1/2 H2(g) + 1/2 Br2(g) H Br    Kc = ?
(b) 2 H Br(g)  H2(g) + Br2(g)      Kc = ?
(c) 4 H Br(g) 2 H2(g) + 2 Br2(g)      Kc = ?
Ans : (a)  8.9 × 105

(b)  1.3 × 10–12

(c)  1.6 × 10–24

111. A sealed tube initially contains 9.84 × 10–4 mol H2 and 1.38 ´ 10–3 mol I2. It is kept at
350ºC untill the reaction :

H2(g) + I2(g)   2 HI(g)

comes to equilibrium. At equilibrium 4.73 × 10–4 mol I2 is present. Calculate (a)  the
numbers of mol of H2 and HI present at equilibruum. (b)  the equilibrium constant of
the reaction.
Ans : (a)  7.4 × 10–5 mol H2, 1.8 × 10–5 mol HI

(b)  92
112. Arrange the following in order of increasing tendency of the forward reaction to pro-

ceed toward completion.
(a) H2O(g)       H2O(l) Kc = 782
(b) F2(g)    2 F(g) Kc = 4.9 × 10–21

(c) C(graphite) + O2 CO2(g) Kc = 1.3 × 1069

(d) H2(g) + C2H4(g) C2H6(g)    Kc = 9.8 × 10–18

(e) N2O4(g) 2 NO2(g)    Kc = 4.6 × 10–3

Ans : (b)  <  (e)  <  (a)  <  (d)  <  (c)
113. It is given that A(g) + B(g)   C(g) + 2 D(g). One mole of A and one mole of B are placed in

a 0.400 L container. After equilibrium has been established, 0.20 mol of C is present
in container. Calculate the equilibrium constant for the reaction. Ans : 0.12

114. We place 0.500 mol CO, 0.500 mol CO2, and 0.500 mol H2 in 1.0 L container and allow the
reaction to reach equilibrium. What will be the equilibrium concentrationof all substance present ?

CO(g) + H2O(g) CO2(g) + H2(g) Kc = 1.845
Ans :  0.424 M CO, 0.576 M CO2
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1. When 1.00 mole of pure ethyl alcohol is mixed with 1.00 mole of acetic acid at
room temperature, the equilibrium mixture contains 2/3 mole each of ester and water
(a) What is the equilibrium constant ? (b)  What is DGº for the reaction ? (c)  How many
mole of ester are formed at equilibrium when 3.00 mole of alcohol is mixed with 1.00 mole
of acid ? All substances are liquids at the reaction temperature
Ans :  (a)  4 (b)  –3.44 kJ (c)  0.9

2. For the reaction, A + B  2C; 2 moles of A and 3 moles of B are allowed to react. If
the equilibrium constant is 4 at 400ºC, what will be the moles of C at equilibrium ?
Ans :  2.4

3. In which case does the reaction go farthest to completion K = 1; K = 1010; K = 10–10 and
why ?
Ans :  K = 1010

4. The molar concentrations of A and B are 0.80 mole litre–1 each. On mixing them,
the reaction starts to proceed as A + B C+ D and attains equilibrium. At equilibrium,
molar concentration of C is 0.60 mole liter–1. Calculate KC of the reaction.
Ans :  9

5. In an equilibrium A + B       C + D; A and B are mixed in a vessel at temperature T.
The initial concentration of A was twice the initial concentration of B. After the equilibrium
has reached,  concentration of C was thrice the equilibrium concentration of B. Calculate
KC.
Ans :  1.8

6. The value of KP for dissociation of 2HI    H2 + I2 is 1.84 × 10–2.  If  equilibrium
concentration of H2 is 0.4789 mole litre–1, calculate the concentration of HI at equilibrium.
Ans :  3.53 mole/L

7. One mole of H2, two moles of I2 and three moles of HI are injected in one litre flask. What
will be the concentration of H2, I2 and HI at equilibrium at 500ºC. KC for reaction;

H2 + I2 2HI  is 45.9
Ans :  [H2] = 0.316 mole/L , [I2] = 1.316 M

8. The following is an example of an alkylation reaction that is important in the production
of iso-octane (2,2,4-trimethylpentane) from two components of crude oil, isobutane and
isobutene. Iso-octane is an antiknock additive for gasoline.

The thermodynamic equilibrium constant, K, for this reaction at 25ºC is 4.3 × 106, and DHº
is – 78.58 kJ/mol.
(a)  Calculate DGº at 25ºC
(b)  Calculate K at 800ºC
(c)  Calculate DGº at 800ºC
Ans :  (a)  –37.9 kJ/mole reaction at 25ºC

(b)  KP = 4.9 × 10–4

(c)  68 kJ /mole rxn at 800ºC

catalyst+ CH3
C CH2

CH3

C HCH3

CH3

CH3

CCH3

CH3

CH3

C CH3
CH2

CH3

H


