What will be the change of enthalpy in a chemical reaction at constant pressure?
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The quantity U + PV is known as the enthalpy of the system. It is denoted by H. It represents the total energy stored in the system. Thus
H = U + PV
Where U is a definite property
P and V are also definite properties
Hence H is also definite property i.e. it depends on the state of the system.

Let us suppose a system having internal energy U1 and having volume V1 which is being chemically reacted at constant pressure and temperature and give rise to another chemical system having internal energy U2 and having volume V2. Let us take H1 be the enthalpy of the first system and H2 be the enthalpy of the second system which is obtained from the first system when it is reacted at constant temperature and volume.
Hence at constant pressure ‘P’:

H 1 = U 1 + PV 1
And
H 2 = U 2 + PV 2
Therefore change in enthalpy i.e.
∆H = H 2 – H 1
= (U 2 + PV 2) – (U 1 + PV 1)
= (U 2 – U 1) + P (V 2 – V 1)
Hence, ∆H = ∆U + P∆V
Let the heat exchanged in above chemical reaction i.e. chemical reaction at constant pressure be 
q p. Therefore:
∆H = q p
Generally, if the enthalpy of reactants is H r and that of products is H p then:
∆H = H p – H r = q p
Therefore, the change of enthalpy of chemical reaction at constant pressure and at given temperature is given as the difference between the enthalpies of product and reactants.
Explain the change of internal energy in a chemical reaction and prove that internal energy is a definite quantity
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Change of internal energy in a chemical reaction:
The energy associated with the random, disordered motion of molecules is called Internal energy. Internal energy is a state property i.e. its value depends only upon the state of the substance but does not depend upon how that state is achieved. At a given temperature, change of internal energy change in a chemical reaction is a definite property. Let us take a system which undergoes a chemical change having internal energy U1. Due to chemical change the system give rise to another chemical system having internal energy U2.

Hence, the change of internal energy will be give as the difference between their internal energies i.e.:
∆U = U 2 – U 1
As U2 and U1 are definite quantities, hence the change in internal energy ∆U is also a definite quantity.
Now what will be the internal change in chemical reaction if it is taking place at constant temperature and at constant volume? From the first law of equation i.e. ∆U = q + w we can calculate the internal energy change and it will be as follows:

As temperature and volume is constant, hence w = 0
Therefore,
Using first law of equation:
∆U = q v
Where q v is the heat exchanged at constant volume.

What do you mean by thermochemistry?

[image: image5.png]


[image: image6.png]


The chemical reactions which take place with energy changes are known as thermochemistry. A thermochemistry deal with energy changes and it is a branch of chemistry. The energy changes occur mostly due to change of bond energy. Thermochemistry deals with two types of chemical reaction:
1. Exothermic Reactions
2. Endothermic Reactions

1. Exothermic Reactions: A chemical reaction which is accompanied by evolution of heat is known as exothermic reaction. In the exothermic reactions internal energy change has negative sign at constant temperature i.e. ∆U has negative sign.

2. Endothermic Reactions: A chemical reaction which is accompanied by absorption of heat is known as endothermic reaction. In the endothermic reactions internal energy change has positive sign at constant temperature i.e. ∆U has positive sign.

Derive the enthropy of the real gas

Entropy of real gases: We know that: (∂S / ∂P)T = - (∂V / ∂T)P ……………………. (1) is one of the Maxwell relations which can also be written as: dS – (∂V / ∂T) P) dP …………………. (2) Integrating between pressure P1 and P2 at constant tempearute T , we ...

ContinueDerive the Entropy of Real Gases
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Entropy of real gases:
We know that:
(∂S / ∂P)T = – (∂V / ∂T)P ……………………. (1)
is one of the Maxwell relations which can also be written as:
dS – (∂V / ∂T) P) dP …………………. (2)

Integrating between pressure P1 and P2 at constant tempearute T , we will get:

2∫1 dS
= – P2 ∫ P1 (∂V / ∂T) P) dP ……. (3)

At low temperature, a real gas behaves ideally. Let the pressure be P. let (Sr) 1 be the entropy of the real gas at 1 atm pressure and (Sr) P be the entropy at pressure P, at constant temperature. Then,

Equation 3 will become:
(Sr) 1 – (Sr) P
= – 1∫P (∂V / ∂T) P) dP ……………………………………………………….. (4)

For an ideal gas, (∂V / ∂T) P) = R / P. if (Si) 1 and (Si) P are the entropies of an ideal gas at 1 atm and P atm, respectively, then eq. 4 will be:
(Si) P – (Si) 1
= 1∫P (R / P) dP ……………………….. (5)

As At low temperature, a real gas behaves ideally so we can equate (Sr) P with (Si) P
Adding equations 4 and 5, we will get:
(Si) P – (Sr) 1 = So – S
= 1∫P [(∂V / ∂T) P) – R / P] dP ………………….. (6)

Where So —–> standard entropy
S —————> entropy of real gas
Both entropies are determined at 1 atm. We have to calculate So. Here S is given as:
S = 1/3 a (T*) 3 + Tf∫ T* (CP, S / T) dT + ∆Hf / Tf + Tb∫ Tf (CP, L / T) dT + ∆Hv / Tb + T∫ Tb (CP, g / T) dT ………………………………………… (7)

Berthelot equation of state is:

(P + a / TV2) (V – b) = RT
is more appropriate to use than the van der Waals equation of state.
Multiplying and rearranging, we will get:
PV = RT + Pb – a / TV + ab / TV2 ……………………. (8)

The term ab / TV2 in the above equation is negligible as compared to other terms since the Berthelot constants a and b are small.

Thus, Eq. (8) becomes:
PV = RT + Pb – a / TV
As V = RT / P, therefore
PV = RT + Pb – a / TV = [1 + (Pb / RT) – aP / R2 T2] …………………………………… (9)

For Berthelot’s equation of state, the constants a, b and R can be written in terms of the critical constants. Accordingly,
a = (16/3) Pc V2c Tc
b = V c / 4
R = (32/9) Pc Vc / Tc ………………… (10)

Hence, equation (9) will become:
PV = RT [1 + 9/128 (PTc / Pc T) (1 – (T2c /
6 T2)]
Dividing the above equation by P, we will have:
V = RT / P + 9/128 (RTc / Pc) – 27 / 64 (R T3c / Pc T2) …… (11)
Therefore, (∂V / ∂T) P) = R / P + 27 / 32 (R T3c / Pc T3) …….. (12)
Substituting for (∂V / ∂T) P) in equation (6), we will get:
So = S + 27 / 32 (R T3c / Pc T3) 1∫P dP
= S + 27 / 32 (R T3c / Pc T3) (1 – P)
As P << 1

Therefore,
So = S + 27 / 32 (R T3c / Pc T3)
Hence standard entropy So for a real gas has been obtained
Determine the Absolute Entropies of solids:

Absolute entropies of solids: Entropy change for an infinitesimally small change of a state of a substance is given as: dS = dq / T If the changes take place at constant pressure, then, (∂S) P = (∂q) P / T Multiplying both the sides by ∂T, we will  beDetermine the Absolute Entropies of Solids
Absolute entropies of solids:
Entropy change for an infinitesimally small change of a state of a substance is given as:
dS = dq / T

If the changes take place at constant pressure, then,
(∂S) P = (∂q) P / T

Multiplying both the sides by ∂T, we will get:
(∂S / ∂T) P = [(∂q / ∂T) P] X 1 / T

We know that, (∂q / ∂T) P = CP
Therefore, (∂S / ∂T) P = CP X 1 / T

Hence, at constant pressure, dS = CP dT / T
The substance which is perfectly crystalline, the absolute entropy S = 0 at temperature T = 0.
Therefore,
S∫0 dS = T∫0 (CP / T) dT
ST = T∫0 CP dT / T
ST = T∫0 CP d (ln T)
Where ST is the absolute entropies of crystalline solid at constant temperature T
Define the Nernst Heat Theorem
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The Nernst Heat Theorem
Let us consider the Gibbs-Helmholtz equation which includes chemical reaction i.e.:

∆G – ∆H = T (∂ (∆G)/∂T) P ………………………………….. (1)
Where ∆G ——-> change in free energy
∆H ——-> change in enthalpy

At absolute zero i.e. T = 0,
Equation (1) will become:
∆G = ∆H

A scientist Richard measures the E.M.F. of the cells at different temperatures. He found that the value of ∂ (∆G)/∂T decreases with decrease in temperature.

Hence from this it is concluded that ∆G and ∆H tends to approach each other more and more closely as the temperature is lowered. Nernst discovered that ∂ (∆G)/∂T tends to approach to zero as the temperature is lowered to absolute zero. This is known as Nernst Heat Theorem.

Mathematically, The Nernst Heat Theorem can be expressed as:
Lt (T –> 0) [∂ (∆G) / ∂T] P = Lt (T –> 0) [∂ (∆H) / ∂T] P = 0 ………………………….. (2)
Where Lt means limiting value.

From the second law of thermodynamics,
[∂ (∆G) / ∂T] P = – ∆S ……………………. (3)
And [∂ (∆H) / ∂T] P = ∆CP …………………… (4)
Where ∆S ———-> Entropy change of the reaction
∆CP ——-> difference in the heat capacities of the products and the reactants.

From equation (2), (3) and (4), we will get:
Lt (T –> 0) ∆S = 0
Lt (T –> 0) ∆CP = 0
This means that entropy change of a reaction tends to approach to zero and the difference in the heat capacities of the products and the reactants also tends to approach to zero as the temperature is lowered to absolute zero.
Define third law of thermodynamics. Discuss the importance of third law of thermodynamics.

The third law of thermodynamics states that: “The entropy of all the perfect crystalline solids is zeros at absolute zero temperature”. The third law of thermodynamics is also referred to as Nernst law. It provides the basis for the calculation of absolute entropies of the substances. Mathematically, LimT ...
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Define third law of thermodynamics. Discuss the importance of third law of thermodynamics.

The third law of thermodynamics states that:
“The entropy of all the perfect crystalline solids is zeros at absolute zero temperature”. The third law of thermodynamics is also referred to as Nernst law. It provides the basis for the calculation of absolute entropies of the substances.

Mathematically,
LimT –>0 S = 0
If the entropy is zero at temperature T = o, then this law states that the absolute entropy Sab of a substance at temperature T and pressure P is expressed by the following expression:
SabT∫0 (δQ) rev / T

Importance of third law of thermodynamics is given below:
1) It helps in calculating the thermodynamic properties.

2) It is helpful in measuring chemical affinity. Because of this it is known as Nernst theorem.

3) It explains the behavior of solids at very low temperature.

4) It helps in analyzing chemical and phase equilibrium

A mass ‘m’ of fluid at temperature T1 is mixed with an equal amount of the same fluid at temperature T2. Prove that the resultant change of entropy of the universe is: [2 mc ln (T1 + T2) / 2]/[(T1 T2)1/2]and also prove that it is always positive.

Mean temperature of the mixture = (T1 + T2) / 2 Thus change in entropy is given by: ∆S = S2 - S1) = mc (T1 + T2)/2∫ T1 (dT / T) – mc T2∫ T1 + T2)/2 (dT / T) = mc ln (T1 + T2)/2

A mass ‘m’ of fluid at temperature T1 is mixed with an equal amount of the same fluid at temperature T2. Prove that the resultant change of entropy of the universe is: [2 mc ln (T1 + T2) / 2]/[(T1 T2)1/2]and also prove that it is always positive.
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Mean temperature of the mixture = (T1 + T2) / 2

Thus change in entropy is given by:
∆S = S2 – S1) 

= mc (T1 + T2)/2∫ T1 (dT / T) – mc T2∫ T1 + T2)/2 (dT / T)

= mc ln (T1 + T2)/2 T1) –
mc ln (2 T2) / (T1 + T2)
= mc ln (T1 + T2)/2 T1) +
mc ln (T1 + T2) /2 T2)

= mc ln (T1 + T2) 2 / 4 T1 T2 

= mc ln [(T1 + T2) / 2 (T1 T2) 1/2] 2 

= 2 mc ln [(T1 + T2) / 2 (T1 T2) 1/2]

= 2 mc ln [(T1 + T2) / 2 ]/[ (T1 T2)1/2]

Hence, Resultant change of entropy of universe is:
2 mc ln [(T1 + T2) / 2]/[ (T1 T2)1/2]

The arithmetic mean (T1 + T2) / 2 is greater than the geometric mean (T1 T2) 1/2
Therefore, ln [(T1 + T2) / 2]/[ (T1 T2)1/2 
]

is always positive. 
Hence the entropy of the universe increases
 Gibbs-Duhem Equation The Gibbs free energy can be defined in two different ways once by subtracting off combinations of entropy S, enthalpy H and temperature T and other as a sum of chemical potentials and amounts of species. The fact that they are equal gives a ...
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Derive the Gibbs-Duhem Equation and give its Applications?

[image: image13.png]


[image: image14.png]


Gibbs-Duhem Equation
The Gibbs free energy can be defined in two different ways once by subtracting off combinations of entropy S, enthalpy H and temperature T and other as a sum of chemical potentials and amounts of species. The fact that they are equal gives a new relation known as “Gibbs-Duhem Relation.” The Gibbs-Duhem relation helps us to calculate relationships between quantities as a system which remains in equilibrium. One example is the Clausius-Clapeyron equation which states that two phases at equilibrium with each other having equaled amount of a given substance must have exactly the same free energy i.e. it relates equilibrium changes in pressure to changes in temperature as a function of material parameters.

Deriving the Gibbs-Duhem equation from thermodynamics state equations is very easy. The Gibbs free energy G in equilibrium can be expressed in terms of thermodynamics as:

dG = μ1 dn1 + n1 dμ1 + μ2 dn2 + n2 dμ2……….. μj dnj + nj dμj
= (μ1 dn1 + μ2 dn2 + ……… μj dnj) + (n1 dμ1 + n2 dμ2 +……….. nj dμj)

At constant temperature and pressure, the above equation can be written as:
n1 dμ1 + n2 dμ2 +……….. nj dμj = 0
∑ ni dμi = 0 …………………….. (1)
Because at constant temperature and pressure, (μ1 dn1 + μ2 dn2 + ……… μj dnj) = dG
The equation (1) is known as the Gibbs-Duhem equation.

Applications of Gibbs-Duhem equation:
(i) Gibbs-duhem equation is helpful in calculating partial molar quantity of a binary mixture by measuring the composition of the mixture which depends on the total molar quantity.

(ii) Gibbs-duhem equation is helpful in calculating the partial vapor pressures by calculating the total vapor pressure. All these calculations require a curve-fitting procedure. Using tabulated experimental data the accuracy of the calculated quantities was found to be comparable to the accuracy of the original experimental data
We know that for an ideal gas, work done w is given as: Wideal = -nRT ln (V2/ V1) And for a a van der Waals Gas, work done is given as: Hence for the expansion of a gas, V2 > V1, which shows that numerically the work ...
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Give the comparison of work of expansion of an ideal Gas and a van der Waals Gas.
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We know that for an ideal gas, work done w is given as:
Wideal = -nRT ln (V2/ V1)
And for a a van der Waals Gas, work done is given as:
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Hence for the expansion of a gas, V2 > V1, which shows that numerically the work of expansion in the reversible isothermal expansion of an ideal gas is greater than van der Waals Gas.
Numerical Problem

One mole of an ideal gas is heated at constant pressure from 0oC to 200oC. (a) Calculate work done. (b) If the gas were expanded isothermally & reversibly at 0°C from 1 atm to some other pressure Pt, what must be the final pressure if the maximum ...
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Numerical Problem

One mole of an ideal gas is heated at constant pressure from 0oC to 200oC.
(a) Calculate work done.
(b) If the gas were expanded isothermally & reversibly at 0°C from 1 atm to some other pressure Pt, what must be the final pressure if the maximum work is equal to the work involved in (a).

(a) Work done: 
Work done during heating of gas from 0oC to 200oC
Here,
T1 = 0oC = 273 K
T2 = 200oC = 473 K
Now 

W = – PΔV = -P (V2 – V1)
= – P [(nRT2/P)-(nRT1/P)]

= – nR (T2–T1) = –1 × 1.987 × (473 – 273)

= – 397.4 cal

(b)If work equivalent to 397.4 cal is used for gas at 0oC, causing its isothermal expansion, from 1 atm to pressure Pt
As work done in reversible isothermal expansion is given by:

w = – 2.303nRTlog (P1 /P2)

-397.4 = – 2.303 × 1.987 × 273log (1/Pt)

Therefore, Pt = 1.272 atm
Hence, final pressure is 0.694 atm
Calculate the final volume of one mole of an ideal gas initially at 0oC and 1 atm pressure. If it absorbs 2000 cal of heat during reversible isothermal expansion.

The gas is in the standard temperature and pressure condition i.e. at S.T.P Hence V1 = 22.4 dm3 and V2 have to be calculated. As given expansion is isothermal and reversible therefore, ∆U = 0 We know that ∆U = q + w But ∆U = 0 Hence q = ...

Continue
Calculate the final volume of one mole of an ideal gas initially at 0oC and 1 atm pressure. If it absorbs 2000 cal of heat during reversible isothermal expansion.
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The gas is in the standard temperature and pressure condition i.e. at S.T.P

Hence V1 = 22.4 dm3 and V2 have to be calculated.

As given expansion is isothermal and reversible therefore, ∆U = 0
We know that ∆U = q + w
But ∆U = 0
Hence q = – w = 2000 cal
= 2000 X 4.184 J = 8368 J

As work done in reversible isothermal expansion is given by:
w= -nRT ln (V2/ V1)
Therefore nRT ln (V2/ V1) = – w = 8368 J
(I mol) X (8.314 J K- mol-) X (273 K) ln (V2/ 22.4 dm3) = 8368 J
V2 = 242.50 dm3
Hence the final volume of one mole of an ideal gas initially at 0oC and 1 atm pressure is equal to 242.50 dm3
Define Gibbs Free energy and hence Derive the Relationship between Equilibrium Constant and Gibbs free energy and hence Calculate ΔG o for conversion of oxygen to ozone 3/2 O2 (g) ——> O3 (g) at 300 K, if Kp for this conversion is 9.4710-29.

Gibbs free energy: It is the standard free energy which is equal to the difference in free energies of formation of the products and reactants both in their standard states. It is denoted by ΔGo. Relationship between Free Energy and Equilibrium Constant When equilibrium has not been attained, ...
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Define Gibbs Free energy and hence Derive the Relationship between Equilibrium Constant and Gibbs free energy and hence Calculate ΔG o for conversion of oxygen to ozone 3/2 O2 (g) ——> O3 (g) at 300 K, if Kp for this conversion is 9.4710-29.

Gibbs free energy:
It is the standard free energy which is equal to the difference in free energies of formation of the products and reactants both in their standard states. It is denoted by ΔGo.
Relationship between Free Energy and Equilibrium Constant

When equilibrium has not been attained, the free energy change of the reaction in any state is denoted as ΔG which is related to the standard free energy change of the reaction, ΔGo.

ΔG = ΔGo + RT InQ
Where Q is the reaction quotient

When equilibrium is attained, there is no further free energy change i.e. ΔG = 0 and Reaction quotient Q becomes equal to equilibrium constant. Hence the above equation will become as shown below:

ΔGo = –RT In Keq
Or ΔGo = –2.303 RT log Keq
In case of galvanic cells. Gibbs energy change ΔG is related to the electrical work done by the cell.

ΔG = -nFEcell
Where, n = no. of moles of electrons involved
F = the Faraday constant
E = emf of the cell

If reactants and products are in their standard states then
ΔGo =nFEocell
3/2 O2 (g) ——> O3 (g)
Now, ΔGo = –2.303 RT log Kp
Where R = 8.314 J/K mol, Kp = 9.4710-29, T = 300K

Hence Gibbs energy, ΔGo = 160971 J/mol = 160.971 KJ/mol

