
Thermodynamics: Foundations and Applications
(CBSE NCERT Chemistry Class 11, Chapter 5)
Introduction
Thermodynamics, derived from the Greek words “therme” (heat) and
“dynamis” (power), is a fundamental branch of physical science that
deals with the study of energy transformations, specifically the intercon‑
version of heat and other forms of energy. As presented in the CBSE NCERT
Chemistry Class 11 curriculum, Chapter 5 onThermodynamics provides the
essential framework for understanding the behavior of matter in relation
to energy changes, laying the groundwork for more advanced studies in
chemistry and physics. This essay explores the main sections of this chap‑
ter, encompassing thermodynamic terms, their applications, calorimetry,
enthalpy changes, spontaneity, and the pivotal role of Gibbs energy in
chemical equilibrium, integrating key insights from contemporary research
in calorimetry and non‑equilibrium thermodynamics.

5.1 Thermodynamic Terms
The language of thermodynamics is precise and foundational. The system
refers to the specific part of the universe under study (e.g., a chemical reac‑
tion in a beaker), while the surroundings encompass everything else. The
universe is the sum of the system and its surroundings. Systems can be
open (exchange bothmatter and energy), closed (exchange energy but not
matter), or isolated (no exchange of matter or energy).
State of a system is defined by measurable properties called state vari‑
ables such as pressure (P), volume (V), temperature (T), and amount of sub‑
stance (n). A system’s condition at any moment is described by its state
functions, which depend only on the current state, not on the path taken
to reach that state. Important state functions include internal energy (U),
enthalpy (H), entropy (S), and Gibbs free energy (G).
The internal energy (U) is the sum of all energies associated with the sys‑
tem’smicroscopic components. Work (w) andheat (q) are twoprocesses
by which energy can be transferred between the system and surroundings;
both are path functions, not state functions.

5.2 Applications
Thermodynamics has broad applications in understanding chemical reac‑
tions, phase changes, and various physical and biological processes. It pro‑
vides the theoretical basis for calorimetry, engines, refrigeration, and even
biological metabolism.
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In contemporary research, particularly in particle flow calorimetry (PF
calorimetry), the principles of thermodynamics are applied tomeasure the
energy of hadron jets in high‑energy physics experiments with exceptional
precision. PF calorimetry leverages the high granularity of detectors to
associate energy deposits in calorimeters with individual particles, thus
enabling accurate reconstruction of energy flow and better discrimination
in particle physics experiments (Ruchti & Kruger, 2022). This applica‑
tion underscores the relevance of thermodynamic concepts like energy
conservation and transfer in cutting‑edge experimental physics.
Similarly, dynamic calorimetry and non‑equilibrium thermodynamics play
critical roles in material science and chemistry, allowing researchers to
probe the heat capacity and entropy production in materials subjected to
rapid temperature changes (Garden, 2007; Garden et al., 2008).

5.3 Measurement of ΔU and ΔH: Calorimetry
Calorimetry is the experimental technique used tomeasure the amount of
heat involved in chemical or physical processes. A calorimeter is a device
designed to minimize heat exchange with surroundings, ensuring accurate
measurement of heat flow.
The change in internal energy (ΔU) is measured in a constant volume
calorimeter (bomb calorimeter), where no work is done (w = 0), so ΔU =
q_v (heat at constant volume). In contrast, the change in enthalpy (ΔH) is
measured at constant pressure (using a coffee cup calorimeter), where ΔH
= q_p (heat at constant pressure).
Dynamic calorimetry extends thesemeasurements to non‑equilibrium con‑
ditions, introducing concepts like frequency‑dependent complex heat ca‑
pacity and entropy production due to irreversible processes (Garden, 2007;
Garden et al., 2008). Modern calorimetric methods, such as temperature
modulated differential scanning calorimetry (TMDSC), allow for the separa‑
tion of vibrational and configurational heat capacities and the assessment
of kinetic relaxation processes, linking calorimetric measurements to non‑
equilibrium thermodynamic theory.

5.4 Enthalpy Change, ΔH of a Reaction – Reaction Enthalpy
Enthalpy (H) is defined as H = U + PV, and its change during a reaction (ΔH)
is known as the enthalpy of reaction. ΔH reflects the heat absorbed or re‑
leased under constant pressure. If ΔH < 0, the reaction is exothermic; if ΔH
> 0, it is endothermic.
Reaction enthalpy is essential for understanding energy changes in chemi‑
cal reactions, including combustion, neutralization, and phase transitions.
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Measurement of ΔH provides insights into reaction spontaneity and feasi‑
bility.
In advanced calorimetric experiments, especially under dynamic condi‑
tions, the interpretation of measured heat capacities (including their real
and imaginary components) becomes more nuanced. The imaginary part
of complex heat capacity, for instance, is linked to entropy production and
energy dissipation during non‑equilibrium processes (Garden et al., 2008).

5.5 Enthalpies for Different Types of Reactions
Enthalpy changes are classified based on the nature of the process:
・ Enthalpyof Formation (ΔH_f): Heat changewhenonemoleof a com‑
pound is formed from its elements in their standard states.

・ Enthalpy of Combustion (ΔH_c): Heat change when one mole of a
substance is completely burned in oxygen.

・ Enthalpy of Solution (ΔH_sol): Heat change when one mole of a so‑
lute dissolves in a solvent.

・ Enthalpy of Neutralization (ΔH_neut): Heat change when onemole
of water is formed from acid‑base neutralization.

The measurement and interpretation of these enthalpies are vital for de‑
signing industrial processes, energy production, and understanding biolog‑
ical energy cycles.

5.6 Spontaneity
A process is spontaneous if it occurs naturally under given conditions with‑
out external intervention. Thermodynamics predicts spontaneity by evalu‑
ating energy changes and entropy.
The second law of thermodynamics introduces entropy (S), stating that
the total entropy of an isolated system always increases for a spontaneous
process. Thus, both the decrease in enthalpy (ΔH < 0) and increase in en‑
tropy (ΔS > 0) favor spontaneity.
However, many real‑world processes involve competing factors; for in‑
stance, endothermic reactions can be spontaneous if accompanied by a
significant increase in entropy.

5.7 Gibbs Energy Change and Equilibrium
Gibbs free energy (G) combines enthalpy and entropy into a single crite‑
rion for spontaneity at constant temperature and pressure: G = H – TS. The
change in Gibbs energy (ΔG) determines process spontaneity:
・ If ΔG < 0, the process is spontaneous.
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・ If ΔG = 0, the system is at equilibrium.
・ If ΔG > 0, the process is non‑spontaneous.

At equilibrium, ΔG = 0, and the system’s macroscopic properties remain
constant over time. The relationship between ΔG and the equilibrium con‑
stant (K) is given by ΔG° = –RT ln K, linking thermodynamics to chemical
equilibrium.
In cutting‑edge research, the study of non‑equilibrium thermodynamics
and dynamic calorimetry has shown that entropy production and complex
heat capacity measurements provide deeper insights into the approach to
equilibrium and the nature of irreversible processes (Garden, 2007; Garden
et al., 2008). For example, the imaginary part of complex heat capacity is
directly related to the net entropy created during experimental time scales,
offering a novel window into the thermodynamic behavior of systems
under oscillatory perturbations.

Conclusion
Thermodynamics, as taught in CBSE NCERT Class 11 Chemistry, equips
studentswith the foundational principles to analyze and predict the energy
changes associatedwith chemical and physical processes. From the proper
use of thermodynamic terms to advanced calorimetric techniques and
the assessment of spontaneity and equilibrium, the chapter provides an
integrated view of how energy and matter interact. Recent research in
calorimetry and non‑equilibrium thermodynamics not only reinforces
these concepts but also expands their applicability to complex, real‑world
systems, highlighting the enduring relevance of thermodynamics in both
classical andmodern science.

Mind Map
Thermodynamics (Chapter 5)
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Calorimetry Form, Spontaneity ΔG = 0: Equilibrium
(Complex Heat Sol, (ΔH, ΔS, ΔG) ΔG > 0: Non-spontaneous
Capacity, Entropy) Neut)

Flashcards
1. What is a thermodynamic system?
A specific part of the universe chosen for study, separated from surround‑
ings by boundaries.
2. Define the first law of thermodynamics.
It states that energy canneitherbecreatednordestroyed, only transformed;
ΔU = q + w.
3. What is enthalpy (H)?
A state function defined as H = U + PV; change in enthalpy (ΔH) at constant
pressure equals heat exchanged.
4. How is ΔG related to spontaneity?
ΔG < 0: spontaneous; ΔG = 0: equilibrium; ΔG > 0: non‑spontaneous.
5. What is calorimetry?
An experimental technique to measure heat changes during chemical or
physical processes.
6. Define entropy (S).
A measure of disorder; increases in a spontaneous process for an isolated
system.
7. What is the significance of the imaginary part of complex heat
capacity in dynamic calorimetry?
It is related to entropy production and energy dissipation in non‑
equilibrium processes.
8. How is ΔG related to the equilibrium constant (K)?
ΔG° = –RT ln K; connects thermodynamics with chemical equilibrium.

References
・ Garden, J.‑L. (2007). Macroscopic non‑equilibrium thermodynamics
in dynamic calorimetry. arXiv:0706.4143v1.

・ Garden, J.‑L., Richard, J., & Saruyama, Y. (2008). Entropy produc‑
tion in temperature modulated differential scanning calorimetry.
arXiv:0808.2780v1.

・ Ruchti, R., &Kruger, K. (2022). ParticleFlowCalorimetry. arXiv:2203.15138v2.

5


	Thermodynamics: Foundations and Applications (CBSE NCERT Chemistry Class 11, Chapter 5)
	Introduction
	5.1 Thermodynamic Terms
	5.2 Applications
	5.3 Measurement of ΔU and ΔH: Calorimetry
	5.4 Enthalpy Change, ΔH of a Reaction – Reaction Enthalpy
	5.5 Enthalpies for Different Types of Reactions
	5.6 Spontaneity
	5.7 Gibbs Energy Change and Equilibrium
	Conclusion
	Mind Map
	Flashcards
	References


