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Physical Chemistry Comprehensive Formula Sheet
Master Reference for Thermodynamic, Kinetic, Quantum, and Electrochemistry Equations

1. Thermodynamics

First Law:

∆U = q + w

w = −Pext∆V (Irreversible) w = −nRT ln
(︂

V2

V1

)︂
(Re-

versible Isothermal)

Enthalpy Heat Capacity:

H = U + PV, ∆H = ∆U +∆(PV )

Cp − Cv = R (for ideal gas)

∆H2 = ∆H1 +

∫︂ T2

T1

∆CpdT

Entropy Second Law:

∆S =

∫︂
dqrev
T

, ∆Suniv = ∆Ssys +∆Ssurr ≥ 0

∆Siso = nR ln

(︃
V2
V1

)︃
+ nCv,m ln

(︃
T2
T1

)︃
Gibbs Helmholtz Free Energy:

G = H − TS, A = U − TS

dG = V dP − SdT (closed system, ∆Wnon-PV = 0)

∆G = ∆G◦ +RT lnQ

∆G◦ = −RT lnKeq

2. Chemical Kinetics

Rate Laws Integrated Forms:

Order Integrated Law Half-life (t1/2)

0 [A] = [A]0 − kt [A]0
2k

1 ln[A] = ln[A]0 − kt ln 2
k

2 1
[A] =

1
[A]0

+ kt 1
k[A]0

Temperature Dependence (Arrhenius):

k = A exp

(︃
− Ea

RT

)︃

ln

(︃
k2
k1

)︃
=
Ea

R

(︃
T2 − T1
T1T2

)︃

3. Quantum Chemistry

Fundamental Relations:

E = hν = ℏω, λ =
h

p

Ĥψ = Eψ (Schrödinger Eq.)

Particle in a 1D Box (0 ≤ x ≤ L):

ψn(x) =

√︃
2

L
sin

(︂nπx
L

)︂

En =
n2h2

8mL2
, n = 1, 2, 3, . . .

4. Electrochemistry

Nernst Equation:

E = E◦ − RT

nF
lnQ

At 298 K:

E = E◦ − 0.0591 V

n
log10Q

Thermodynamic Relations:

∆G = −nFE, ∆G◦ = −nFE◦

lnK =
nFE◦

RT

5. Solutions Colligative Proper-
ties

Raoult’s Law:

PA = XAP
◦
A

Colligative Properties:

∆Tb = iKbm

∆Tf = iKfm

Π = icRT

Van ’t Hoff Factor (i):

i = 1 + α(v − 1)
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