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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).

AU = q + W (Mathematical statement of the First Law)

Expansion work:

dU = dq + dW, dw = —|F|dZ (WOTk done) (-) sign implies internal energy decreasing.

V
w=- fVif PexdV

Expansion against constant pressure:

V
W = —Pex fVl.f dv = _pex(Vf — Vi) = —PexAV

Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



The formulation of the First Law:

Reversible expansion: a change that can be reversed;
dw = —p,,dV = —pdV

Pey: €Xternal pressure of gas

p: pressure of gas (in the vessel)

W=—f‘zfpdVengawz—nRTf‘Zfd—‘y:—nRTln(I;—’;)

work of reversible expansion (perfect gas).

Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



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 = dgqy

fl.f dU = fl.f dqy = AU = qy q, is not written as Ag,, because q is not a state function.

Heat capacity

ou .
Cy = (a—T) Heat capacity at constant volume
1%

dU = CydT = Cy [/ dT = C,(T; —= T,) » AU = CyAT

qV - CvAT
Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



Enthalpy

H = U + PV definition

For a general infinitesimal always change in the state of the system. Changes;
U->U+dU

p—=2>p+dp

V2oV+dV

dH = dU + pdV + Vdp

dU = dq + dw

dH = dq + dw + pdV +Vdp - dH = dq + Vdp
at constant p dH = dgq,

AH = AU + AnRT relation between AH and AU

Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



Enthalpy

OH :
C, = (—) Heat capacity at constant pressure
oT/p

dH = C,dT = C, [ dT = C,(T; = T;) » AH = C,AT

qp = C, AT
Cpm =a+ bT + % a, b and c independent of temperature
Cp — CV = nR

Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



