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1 Atomic structure, gases, liquids and solutions
With constants: h = 6.626 × 10⁻³⁴ J s, c = 2.998 × 10⁸ m s⁻¹, Avogadro’s number = 6.022 × 10²³ mol⁻¹.

Photon energy and wave speed E = hν,  c = λν

Coulombic force Fcoulombic ∝ q₁q₂
r²

Combined gas law P₁V₁
T₁  = P₂V₂

T₂
Ideal gas law PV = nRT

Partial pressure PA = Ptotal × XA,  XA = moles A
total moles

Total pressure Ptotal = PA + PB + PC + …

Moles, density and kinetic energy n = m
M ,  D = m

V ,  KE = 1
2 mv²

Molarity M = nsolute
Lsolution

Beer–Lambert law A = εbc

Gas constant and STP
R = 8.314 J mol⁻¹ K⁻¹ = 0.08206 L atm mol⁻¹ K⁻¹;  
ideal gas at STP = 22.4 L mol⁻¹

2 Kinetics and equilibrium
Integrated rate laws, equilibrium constants and pH.

Zero order [A]t − [A]0 = −kt

First order ln[A]t − ln[A]0 = −kt,  t½ = 0.693
k

Second order 1
[A]t

 − 1
[A]0

 = kt

Equilibrium constant (aA + bB ⇌ cC + dD) Kc = [C]c[D]d

[A]a[B]b ,  Kp = (PC)c(PD)d

(PA)a(PB)b

Water
Kw = [H₃O⁺][OH⁻] = 1.0 × 10⁻¹⁴ at 25 °C,  pKw = 14 = 
pH + pOH

pH and pOH pH = −log[H₃O⁺],  pOH = −log[OH⁻]

Acids and bases Ka = [H₃O⁺][A⁻]
[HA] ,  Kb = [OH⁻][HB⁺]

[B]

pK values
pKa = −log Ka,  pKb = −log Kb,  Kw = Ka × Kb,  pKw = 
pKa + pKb

Henderson–Hasselbalch pH = pKa + log [A⁻]
[HA]

3 Thermodynamics and electrochemistry
Faraday’s constant F = 96,485 coulombs per mole of electrons.

Heat q = mcΔT
Enthalpy of reaction ΔH°reaction = ΣΔH°f products − ΣΔH°f reactants
Entropy of reaction ΔS°reaction = ΣS° products − ΣS° reactants
Gibbs free energy of reaction ΔG°reaction = ΣΔG°f products − ΣΔG°f reactants
Gibbs free energy ΔG° = ΔH° − TΔS° = −RT ln K = −nFE°

Current I = q
t

Nernst equation Ecell = E°cell − RT
nF ln Q
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