C. Y. Yeung (AL Chemistry)


Supplementary Notes on “Chemical Equilibria” ---- Part 4
Name: _________________
Class: ________ (   )

Date: __________

(
(I)
The Equilibrium Law ---- Determination of Keq (Kc and Kp)
1.
For a chemical equilibrium at a ________________________,
aA + bB 
   cC + dD
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where Kc is the ____________________ in terms of _____________.
2.
For reactions involving ______, the ____________________ are used for the equilibrium law.
aA(g) + bB(g)  
  cC(g)
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where Kp is the equilibrium constant in terms of _________________.

3.
Unit of concentration is usually ___________, while that of partial pressure is __________.

4.
The unit of Kc or Kp may be ____________ for different reactions.
5.
For heterogeneous equilibria in which _____________ and / or ___________ are involved, since their “concentrations” are always ___________, they do not appear in the equilibrium law.
e.g. :
CaCO3(s) 
     CaO(s) + CO2(g)
Equilibrium Law: ______________________
6.
For _______________ equilibria involving solutions in which the amount of reactants and products are __________________ than the solvent (e.g. water), “concentration of solvent “ does not appear in the equilibrium law since it is nearly ______________.
e.g. :

CH3COOH (aq)  + H2O(l)        H3O+(aq) + CH3COO-(aq)
Equilibrium Law: __________________________

(
(II)
Effect of Concentration and Pressure Changes on Chemical Equilibria
1.
Changes in concentration and pressure may alter the equilibrium position, but they do not alter the ____________________________.
2.
Provided that the ______________ is kept constant, the equilibrium shifts in such a direction to ____________ the change and the new equilibrium concentration / ___________ still satisfy the original Keq.
(
(III)
Effect of Temperature Changes on Chemical Equilibria
1.
Value of Keq (both _____ and ______) changes with _________________, according to the Van’ t Hoff equation:

2.
By plotting a graph of ________ against  _________, the slope gives the value of _____________.
3.
a)
For reactions with H > 0, when temperature increases,


(
ln K ___________,


(
K _____________,



(
equilibrium position shifts to _________.

b)
For reactions with H < 0, when temperature increases,



(
ln K ___________,



(
K _____________,



(
equilibrium position shifts to _________.

Exercise
1.
Calculate Kp at 2000C for the reaction:




N2O4(g)        2NO2(g)

H = +57.0 kJ mol-1
If Kp at 500C is 0.015atm. (R = 8.314 J K-1mol-1)
2.
1 mol of PCl5 is heated in a container of volume 10dm3 at 1500C. The pressure at equilibrium is 4.32atm. Find the degree of dissociation (= fraction of molecules decomposed) and Kp. (R = 0.082 atm dm3 K-1)
PCl5(g)        PCl3(g) + Cl2(g)
3.
Consider the following equilibrium at constant pressure:
A2(g) + 3B2(g)        2AB3(g)

A mixture of 4.0 mol of A2(g) and12.0 mol of B2(g) was placed in a vessel of 
volume 20.0 
dm3, and heated to 565K. When the system had reached equilibrium, it was found that 
4.0 mol AB3(g) was present.

(i)
Calculate the concentration of each species at equilibrium.

(ii)
Calculate the equilibrium constant of this reaction at 565K.
4.
The reaction between ethanoic acid and ethanol can be represented by the following equation:
CH3COOH(l) + C2H5OH(l)       CH3COOC2H5(l) + H2O(l)
12.01 g of ethanoic acid are treated with 4.61 g of ethanol in the presence of a catalyst. When the reaction reaches equilibrium at 298K, 5.04g of ethanoic acid are found to have reacted. Calculate the equilibrium constant ,KC, for the reaction at 298K.
5.
Consider the following dissociation reaction:

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

At 400K and 101kPa pressure, the percentage dissociation of PCl5(g) is 86%.

Calculate Kp for the reaction at 400K.

6.
SO2(g) and O2(g) were mixed in the mole ratio of 3:1 at 1000K in the presence of a catalyst. When equilibrium was attained at 373kPa pressure, one half of the SO2(g) had been converted into SO3(g).

(i)
Write an expression for Kp for the reaction of SO2(g) and O2(g) to give SO3(g).

(ii)
Calculate Kp for the above reaction under the given conditions.
7.
A colorimetric method can be used to provide data for the determination of the equilibrium constant of the following reaction.
Fe3+(aq) + NCS-(aq)        FeNCS2+(aq)

Outline such a method for the determination of the equilibrium constant KC of the above equilibrium.

Answer:

(i)
FeNCS2+(aq) ion _______________________ in the electromagnetic spectrum, therefore [FeNCS2+(aq)] can be determined by measuring the ________________ of the solution (___________________).

(ii)
____________ a colorimeter by measuring the absorbance of several standard solutions of FeNCS2+(aq).

(iii)
These solutions contain different _________ concentrations of ______ and excess _______. The equilibrium position for the formation of FeNCS2+(aq) shifts to the ________, and therefore _______________________.

(iv)
The absorbance of each of the standard FeNCS2+(aq) solution is measured by using the __________________ and a ____________________ of absorbance versus _____________ is plotted.


(v)
By mixing ___________ concentrations of standard Fe3+(aq) and NCS-(aq) solutions and measure the [FeNCS2+(aq)] formed at equilibrium with the colorimeter and the calibration curve.
(vi)
[Fe3+(aq)] and [NCS-(aq)] at equilibrium can then be calculated from [FeNCS2+(aq)]eq, and hence the value of KC can be found:
_____________________________________________
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