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Potential Energy of Molecules

When atoms or molecules react chemically, their potential energies
often change.

If the potential energy decreases, where can that energy go?
• Thermal energy (temperature) increases.
• Heat flows out of the system. (q < 0)
• Work is done by the system. (w < 0)
• Some combination of the above.

Exactly what happens depends on pathways available for heat flow or
work.

Using the second law directly, with ∆Ssys and ∆Ssurr, gets awkward.



J. Willard Gibbs

1839–1903

Arguably the first great American theoretical scientist.

Consolidated thermodynamics into a consistent theory.

Applied thermodynamics to chemistry.

Also made important contributions in math and optics.



A New State Function: Enthalpy (H)

Enthalpy, H, is closely related to the internal energy, E.

H = E + PV

The product PV has the units of energy or work.

For a process at constant pressure:

∆H = ∆E + P∆V

P∆V is work due to a change in volume at constant pressure.
Two new quantities:
• wp = −P∆V = work done on system in constant pressure process
• qp = heat absorbed by system in constant pressure process

From the first law:

∆E = qp + wp = qp − P∆V

P∆V = qp −∆E

∆H = ∆E + P∆V = ∆E + (qp −∆E) = qp



A New State Function: Enthalpy (H)

Two consistent definitions for ∆H at constant pressure:

∆E plus work done on the system due to volume change

∆H = ∆E + P∆V

If there is no volume change, then P∆V = 0, and ∆H = ∆E.

The heat absorbed during the constant pressure process:

∆H = qp

Chemical and biochemical reactions are usually studied under
conditions of constant (or nearly constant) pressure, and ∆V is usually
very small.

∆H can be experimentally measured.



Measuring ∆H with a Calorimeter

Water

Reaction

Thermometer

Insulation

The water bath represents the “surroundings”.

If ∆H < 0, heat flows from the reaction vessel and warms the water.

If ∆H > 0, heat flows into the reaction vessel, and water temperature
decreases.

∆H = − ∆Twater

mass of water (g)
(in calories)


