USE OF FREE ENERGY IN CHEMICAL EQUILIBRIA

1 MARK
HARD

1. In a certain process 678 J of heat is absorbed by a system while 290 J of work is done on the system. What is the
change in internal energy for the process?

968 J

MODERATE

1. State one application of first law of thermodynamics.

Hess’s law is an application of first law of thermodynamics.

2. For the reaction 2Al,05; = 4Al (S) + 30,(9) , AH = 334kJ, what is the enthalpy of formation of Al,O3 ?
-1670 kJ

3. What is the amount of free energy change for a reversible process?
Free energy change for a reversible process is equal to zero.

Easy

1. Give one example of State Function

Enthalpy.

2. Write one process where entropy decreases.

The conversion of CO; into dry ice, here entropy decreases.

3. At inversion temperature what is the Value of Joule — Thomson coefficient?
At inversion temperature Joule Thomson Coefficient value is Zero.
4. Give one example of intensive property.

Density.

5 marks

Easy:

1.(a) Explain the term chemical potential. 1

(b) Derive the relation of EMF of cell with AG and AH. 4

For a pure substance chemical potential is equal to molar Gibbs free energy. In a system of variable composition chemical
potential of a substance is equal to the rate of change of the Gibbs free energy G of the system with respect to the moles
of i added at constant T, P and other mole numbers. Thus for a two component mixture chemical potential of the

P2
(b) Relation between AG and EMF of a cell (E).
The relation between AG and E is AGrp = -nFE. Electrical work is produced at the cost of decreade in Gibbs free energy.
Relation between AH and E

We know at constant T, P, AG = AH — TAS



From Gibbs — Helmholtz equation for a reaction
a(AG) d(—nFE) oE
- 572 = )
oT T /p
We have, AH = AG + TAS
- _ 9EY _ _ —7(%
Therefore, AH = —nFE +TnF ( aT)P = —nF[E-T (aT)P]

2. How many types of hardness is possible? Why hard water is not suitable for boiler use? 3 + 2
Hardness of water is of two types.

(i) Temporary Hardness : It is caused due to presence of bicarbonates of calcium and magnesium. It can be removed
easily by boiling.

(ii) Permanent Hardness: It is caused due to presence of chlorides and sulphates of calcium and magnesium salts. It
cannot be removed by boiling.

Huge quantity of water is used in boilers for generation of steam. If hard water is used in the boiler, a number of
difficulties arise which are as follows:

Scale and sludge formation

Boiler Corrosion

Priming and foaming

Caustic embrittlement.

Moderate:

1. Show that, entropy of mixing of ideal gases ASpix>0. 5

Mixing of two or more gases are spontaneous process, hence it should be accompanied by increase in entropy.

Let n; moles of ideal gas A; and n, moles of gas A, having volume V; and V; at constant pressure P and temperature T be
separated by a partition. After removing the partition, these two gas mixed spontaneously when the total pressure P and
the final temperature T remain constant and both gas occupying the entire volume, V =V, + V, of the cylinder.

Hence the entropy change AS; =n,R In (V1 +V,) /V;
Similarly for gas A, AS; =n,R In (V1 +V,) IV,

Since gases are ideal, each gas acts independently of the other. Hence entropy change of mixing ASyx is equal to the sum
of the entropy change due to their individual isothermal volume expansion.

(V1 +Vz)

n,R In Vave) 1Rln——n2Rln v
VZ +V2 V1+V2

ASpix =AS; + AS; =nyRIn———==
If X;and X; are the mole fraction of gas A; and A, respectively in the mixture, then,
Xi=nd(ng+ny)=ny/n=Vy/ (V. +V,)

Xo=n/ (Ng+n)=ny/n=V,/ (Vi +V,)

Entropy of mixing:

ASpix = - niR In X1y — n,R In X, = -nR(ny/n In Xy + ny/n InXy) = -nR(Xy In Xy + X; In Xy)
The equation may be generalise to the mixing of N ideal gases,

ASmix = —nR YN, X;InX;

Molar entropy of mixing

(Asmix)mix Z 1X lnX



Since mole fraction X; of gas always less than 1, hence InX; always less than zero. So ASyx is always > 0.

Hard

1. “All adiabatic reversible expansions lead to a fall of temperature.” — Comment or Justify. 5

From 1* law of thermodynamics AU = Q + W where W is negative for expansion process. In adiabatic process Q
= 0. So, for adiabatic process AU = W. In reversible expansion appreciable work is produced and AU is negative
for a adiabatic reversible expansion since W is negative in expansion process. For ideal gas internal energy (U)
depends only on temperature and AU = C,AT. Since in adiabatic reversible expansion AU is negative it is seen
that for this process AT is negative (because Cy is always positive) AT = Tiina — Tinitiar FOr adiabatic reversible
expansion of ideal gas T < T;. For adiabatic reversible expansion there occurs a fall of temperature. (For real
gases volume increase has negligible effect on AU and there is cooling effect in adiabatic reversible expansion in
all cases).

15 Marks

Easy

1. (a) What is the condition of spontaneity in terms of entropy? The condition of spontaneity : AGy y < 0; AAy, <
0, where G is the Gibbs Free Energy and A is the Helmholtz free energy. Identify x,y, pandr. 2+4
(b) State whether the following properties are extensive or intensive properties:
Pressure, Concentration, Entropy, Viscosity, Temperature. 5
(c) For a reaction both AH and AS are positive. Under what conditions will the reaction be spontaneous?
What is state function? Give example. 2 +2

(a) Condition of spontaneity in terms of entropy for isolated system AS > 0.
Condition of spontaneity in terms of entropy for non-isolated system AS;q > 0
ASiotal = ASyniverse = ASsystem + ASsurrounding >0
Condition of spontaneity in constant T, P process is AGt, p < 0.
Condition of spontaneity in constant T, V process is AAt v < 0.
(b) Pressure : intensive property
Concentration : intensive property
Entropy: extensive property
Viscosity : intensive property
Temperature: intensive property.
(c) If TAS > AH the reaction will be spontaneous. If AS and AH both are positive, then T must be high for
the spontaneity of the reaction.
A state function is a property that depends only on the state of the system and not on how the system has
been achieved. Example: Enthalpy, Entropy etc.

Moderate

1. (@) Write the Nernst equation for the cell reaction in the Daniel cell. How will the E., effected when the concentration
of Zn*" is increased?

(b) What do you mean by hardness of water? Explain how hard water fails to form lather with soap? What is alkalinity of
water? 5

(c) Define corrosion. What are different types of corrosion? 5
(a) Daniel Cell is represented as Z* (s) Zn* Haq) Cu® (aq) Cu(s)
The cell reaction for 2F electricity drawn is Zn (s) + Cu** (aq) = Zn** (aq) + Cu (s)

Nernst equation for the cell reaction is

RT
E=E°- Eln(azﬁz X acy)/ (Azp+2 X acy)

RT
=E° —ﬁln CZn+2 /CCu+2



Assuming activity if ion equal to concentration of the ion and activity of solid = 1.

The Nernst equation shows that if concentration of Zn*" is increased cell potential E decreases. [ AGr, p = -NFE. For
spontaneous reaction E is positive and AG is negative. Decrease of E with increase of concentration of Zn?* makes AG
less negative. The tendency of forward reaction is diminished and this is an accord with Le — Chatelir principle that if a
product species is added the reaction is shifted to the left side.]

(b) Hardness is the characteristic of water which prevents formation of lather with soap. This is due to the presence of
certain salts of calcium, magnesium and other heavy metals dissolved in it. The salts are calcium chloride, calcium
carbonate, calcium bicarbonate, magnesium chloride, magnesium carbonate, magnesium bicarbonate etc.

Hard water, when treated with soap (sodium or potassium salt of higher fatty acid like oleic, palmitic or stearic) does not
produce lather, but forms scum or precipitate. The reactions of soap (sodium stearate) with calcium and magnesium salts
are depicted below.

2 C17H35COONa + CaSO4 — (C17H35COO)2 Ca * + 2Nast4
2 C17H35COONa + MgCl, —— (C;7H3C00), Mgv  + 2NaCl
When all the Ca & Mg removed then hard water getting soft and it produces lather.

The alkalinity of natural water is ordinarily due to presence of carbonates, bicarbonates of calcium and magnesium. The
alkalinity of water can be considered mainly due to Hydroxide, Carbonates and Bicarbonates.

The alkalinity of water can be estimated separately by titration against standard acid solution.

Corrosion may be defined as the process of slow deterioration of surface of metal due to direct attack by atmospheric
gases, moisture present in the atmosphere or by any other chemical or electrochemical environment.

Different type of corrosion:

Dry Corrosion

Liquid — metal corrosion

Wet Corrosion (Electrochemical corrosion)

(i) Wet corrosion of metal with evolution of H,gas

(ii) Wet corrosion of metal by absorption of O,



