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1. Thermodynamics & Thermochemistry

First Law of Thermodynamics:

∆U = q + w

Work (PV): w = −
∫︁
PextdV

� Reversible Isothermal: w = −nRT ln(
V2
V1

)

� Irreversible: w = −Pext(V2 − V1)

� Adiabatic (q = 0): w = ∆U = nCv∆T

� Reversible Adiabatic: PV γ = const, γ = Cp/Cv

Enthalpy & Heat Capacity:

H = U + PV, Cp − Cv = R

∆H = nCp∆T, ∆U = nCv∆T

Entropy & Second Law:

dS =
dqrev

T
, ∆Suniv = ∆Ssys + ∆Ssurr ≥ 0

∆Sideal gas = nCv ln(
T2

T1

) + nR ln(
V2

V1

)

Gibbs Free Energy & Spontaneity:

G = H − TS =⇒ ∆G = ∆H − T∆S

∆G
◦
= −RT lnKeq

∆G < 0 =⇒ Spontaneous process.

2. Chemical & Ionic Equilibrium

Equilibrium Constants:

Kp = Kc(RT )
∆ng

van ’t Hoff Equation:
d lnK

dT
=

∆H◦

RT 2

ln(
K2

K1

) = −
∆H◦

R
(
1

T2

−
1

T1

)

Ionic Equilibrium & pH:

pH = − log[H
+
], pOH = − log[OH

−
], pH + pOH = 14

Ostwald Dilution Law: Ka =
Cα2

1 − α
≈ Cα

2
(for α ≪ 1)

Buffer Solutions (Henderson-Hasselbalch):

Acidic Buffer: pH = pKa + log(
[Salt]

[Acid]
)

Basic Buffer: pOH = pKb + log(
[Salt]

[Base]
)

Solubility Product:

AxByleftharpoonsxA
y+

+ yB
x−

=⇒ Ksp = x
x
y
y
S

x+y

3. Chemical Kinetics

Rate Laws & Integrated Equations:

� Zero Order: kt = [A]0 − [A], t1/2 =
[A]0
2k

� First Order: kt = ln(
[A]0
[A]

), t1/2 = ln 2
k = 0.693

k

� Second Order: kt = 1
[A]

− 1
[A]0

, t1/2 = 1
k[A]0

Temperature Dependence:

Arrhenius Eq: k = Ae
−Ea/RT

=⇒ ln k = lnA−
Ea

RT

ln(
k2

k1
) =

Ea

R
(
1

T1

−
1

T2

)

4. Electrochemistry

Nernst Equation:

Ecell = E
◦
cell −

RT

nF
lnQ = E

◦
cell −

0.0591

n
log10Q (at 298 K)

∆G
◦
= −nFE◦

cell, E
◦
cell =

0.0591

n
logKeq

Conductance & Kohlrausch’s Law:

Molar Cond.: Λm =
κ× 1000

M

Kohlrausch Law: Λ
0
m(AxBy) = xλ

0
A + yλ

0
B
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5. Solutions & Colligative Properties

Raoult’s Law: PA = P 0
AXA

Colligative Properties (with van ’t Hoff factor i):

� RLVP: P0−P

P0 = iXsolute

� Boiling Point Elevation: ∆Tb = i ·Kb ·m

� Freezing Point Depression: ∆Tf = i ·Kf ·m

� Osmotic Pressure: Π = iCRT

van ’t Hoff Factor: i = 1 + (n− 1)α (Dissociation)

6. Atomic Structure & Quantum Chemistry

Bohr Model (Hydrogen-like):

rn = 0.529
n2

Z
Å, En = −13.6

Z2

n2
eV

1

λ
= RHZ

2
(
1

n2
1

−
1

n2
2

)

Quantum Mechanics & Wave Nature:

de Broglie Wavelength: λ =
h

p
=

h

mv

Heisenberg Uncertainty: ∆x · ∆p ≥
ℏ
2

Schrödinger Eq: Ĥψ = Eψ

7. Gaseous State & Real Gases

Ideal Gas Law: PV = nRT

Velocities:

vrms =

√︃
3RT

M
, vavg =

√︃
8RT

πM
, vmp =

√︃
2RT

M

van der Waals Equation (Real Gases):

(P + a
n2

V 2
)(V − nb) = nRT

Critical Constants: Vc = 3b, Pc =
a

27b2
, Tc =

8a

27Rb

Compressibility Factor: Z =
PVm

RT

8. Surface Chemistry & Catalysis

Freundlich Adsorption Isotherm:

x

m
= kP

1/n
=⇒ log(

x

m
) = log k +

1

n
logP

Langmuir Isotherm:

θ =
KP

1 +KP
=⇒

x

m
=

aP

1 + bP
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