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The formulation of the First Law: 

Heat and work are equivalent ways of changing the internal energy of system. The internal energy of an 

isolated system is constant (The First Law of thermodynamics).

∆𝑈 = 𝑞 + 𝑤 (Mathematical statement of the First Law)

Expansion work:

𝑑𝑈 = 𝑑𝑞 + 𝑑𝑤, 𝑑𝑤 = −ȁ ȁ𝐹 𝑑𝑧 (𝑤𝑜𝑟𝑘 𝑑𝑜𝑛𝑒) (-) sign implies internal energy decreasing.

𝑤 = 𝑉𝑖׬−
𝑉𝑓 𝑝𝑒𝑥𝑑𝑉

Expansion against constant pressure:

𝑤 = −𝑝𝑒𝑥 𝑉𝑖׬
𝑉𝑓 𝑑𝑉 = −𝑝𝑒𝑥 𝑉𝑓 − 𝑉𝑖 = −𝑝𝑒𝑥∆𝑉
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The formulation of the First Law: 

Reversible expansion: a change that can be reversed;

𝑑𝑤 = −𝑝𝑒𝑥𝑑𝑉 = −𝑝𝑑𝑉

pex: external pressure of gas

p: pressure of gas (in the vessel)

𝑤 = 𝑉𝑖׬−
𝑉𝑓 𝑝𝑑𝑉 → 𝑝 =

𝑛𝑅𝑇

𝑉
→ 𝑤 = −𝑛𝑅𝑇 𝑉𝑖׬

𝑉𝑓 𝑑𝑉

𝑉
= −𝑛𝑅𝑇𝑙𝑛

𝑉𝑓

𝑉𝑖

work of reversible expansion (perfect gas).
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Heat transactions: 

In general, the change in internal energy;

𝑑𝑈 = 𝑑𝑞 + 𝑑𝑤𝑒𝑥𝑝 + 𝑑𝑤𝑎𝑑𝑑

At constant V, dwexp=0, however if there is no addition work

𝑑𝑈 = 𝑑𝑞 Heat transferred at constant volume or 𝑑𝑈 = 𝑑𝑞𝑉

𝑖׬
𝑓
𝑑𝑈 = 𝑖׬

𝑓
𝑑𝑞𝑉 → ∆𝑈 = 𝑞𝑉 qv is not written as ∆qv, because q is not a state function.

Heat capacity

𝐶𝑉 =
𝜕𝑈

𝜕𝑇 𝑉
Heat capacity at constant volume

𝑑𝑈 = 𝐶𝑉𝑑𝑇 = 𝐶𝑉 𝑖׬
𝑓
𝑑𝑇 = 𝐶𝑉 𝑇𝑓 − 𝑇𝑖 → ∆𝑈 = 𝐶𝑉∆𝑇

𝑞𝑉 = 𝐶𝑉∆𝑇
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Enthalpy

𝐻 = 𝑈 + 𝑃𝑉 definition

For a general infinitesimal always change in the state of the system. Changes;

UU+dU

pp+dp

VV+dV

𝑑𝐻 = 𝑑𝑈 + 𝑝𝑑𝑉 + 𝑉𝑑𝑝

𝑑𝑈 = 𝑑𝑞 + 𝑑𝑤

𝑑𝐻 = 𝑑𝑞 + 𝑑𝑤 + 𝑝𝑑𝑉 + 𝑉𝑑𝑝 → 𝑑𝐻 = 𝑑𝑞 + 𝑉𝑑𝑝

at constant p  𝑑𝐻 = 𝑑𝑞𝑝

∆𝐻 = ∆𝑈 + ∆𝑛𝑅𝑇 relation between ∆H and ∆U
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Enthalpy

𝐶𝑝 =
𝜕𝐻

𝜕𝑇 𝑝
Heat capacity at constant pressure

𝑑𝐻 = 𝐶𝑝𝑑𝑇 = 𝐶𝑝 𝑖׬
𝑓
𝑑𝑇 = 𝐶𝑝 𝑇𝑓 − 𝑇𝑖 → ∆𝐻 = 𝐶𝑝∆𝑇

𝑞𝑝 = 𝐶𝑝∆𝑇

𝐶𝑝,𝑚 = 𝑎 + 𝑏𝑇 +
𝑐

𝑇2
a, b and c independent of temperature

𝐶𝑝 − 𝐶𝑉 = 𝑛𝑅
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