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o CO1- Understand the fundamental concepts in physical, analytical, and materials chemistry.
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Explain in detail the four thermodynamic processes involved in a Carnot cycle
with the help of a P-V diagram. Derive expressions for the work done and the
efficiency of a Carnot engine. Prove that all reversib]e_l}gﬁfﬂgi‘r}gg_Qp__gfating
between the same two temperatures have the same efficiency.
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Using the Gibbs-Helmholtz equation, explain how the spontaneity of a chemical
reaction is predicted in terms of enthalpy (AH) and entropy (AS). Apply this
concept to explain why adsorption of gas molecules onto a solid surface can be
spontaneous even when entropy decreases (AS < 0). Discuss the role of enthalpy
and temperature in such cases.
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(a) One mole of an ideal gas undergoes a reversible isothermal expansion at 300
K, increasing its volume from 5 L to 20 L. Calculate the work done (w) during
the process. Determine the values of heat exchanged (q), change in internal
energy (AU), and change in enthalpy (AH). Give the data in Joules.

(b) One mole of an ideal monoatomic gas is heated from 400 K to 1000 K at

constant pressure. Calculate the change in entropy for the process. Cp = SR/z.
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(a) With the help of a labeled energy diagram, explain how catalysts influence
the rate of a chemical reaction. Justify your answer with appropriate reasoning
related to activation energy.
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(b) Ammonium nitrate decomposes thermally and follows first-order kinetics.
When 5.0 g of the substance is heated at 80 °C for 15 minutes, only 0.5 g remains
undecomposed. Calculate the rate constant (k) and half-life (ti2) of the
decomposition.
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Discuss with an example how temperature affects the rate of a chemical reaction
with reference to the collision theory and activation energy, with appropriate
illustrations. Show graphically how the distribution of molecular kinetic
energies changes with increasing temperature, and explain how this influences
the reaction rate. Write the Arrhenius equation and clearly define each of its
terms.
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