
Formulas
Fundamental constants: 𝑅 = 8. 3145𝐿 𝐾−1𝑚𝑜𝑙−1 = 8. 3145 𝐽 𝐾−1𝑚𝑜𝑙−1 = 0. 08206 𝐿 𝑎𝑡𝑚 𝐾−1𝑚𝑜𝑙−1 
1 𝑎𝑡𝑚 = 101325
𝑃𝑎 = 760𝑚𝑚 𝐻𝑔

𝑁𝑎 = 6. 022𝑥1023

1𝑚𝐿 =  1𝑥10−3𝐿 = 1𝑥10−6𝑚3

𝑎𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠 𝑢𝑛𝑖𝑡:  1. 661𝑥10−24𝑔
Density: ρ = 𝑚𝑎𝑠𝑠

𝑣𝑜𝑙𝑢𝑚𝑒

Ideal Gas Equation: 𝑃𝑉 = 𝑛𝑅𝑇 ;  𝑃1𝑉1
𝑛1𝑇1  ;  𝑃2𝑉2

𝑛2𝑇2

Molar Mass of a Gas: 𝑀 = ρ𝑅𝑇
𝑃

Mole Fraction: 𝑋𝑎 = 𝑛𝐴
𝑛𝑇

Dalton’s law of partial pressures: 𝑃𝑎 = 𝑋𝑎𝑃𝑡 ;  𝑃𝑎𝑉 =  𝑛𝐴𝑅𝑇 ;  𝑃𝑡𝑉 = 𝑛𝑡𝑅𝑇

Average or root mean square, speed of gas molecules: 𝑉𝑞𝑢𝑎𝑑 = 3𝑅𝑇
𝑀

First Law of Thermodynamics: ∆𝑈 = 𝑄 + 𝑊
Second Law of thermodynamics: ∆𝑆𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 ≥ 0
Enthalpy: 𝐻 = 𝐸 + 𝑃𝑉
Specific Heat and Heat Capacity: 𝑄 = 𝐶∆𝑇 = 𝑚𝑠∆𝑇

Standard Enthalpy Change: ∆𝐻° =
𝐴

𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠

∑  𝑛𝐴∆𝐻°𝑓(𝐴) −
𝐵

𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠

∑  𝑛𝐵∆𝐻°𝑓(𝐵)

Standard Enthalpy Change: ∆𝑆° =
𝐴

𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠

∑  𝑛𝐴𝑆°𝑓(𝐴) −
𝐵

𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠

∑  𝑛𝐵𝑆°𝑓(𝐵)

Work of expansion for a gas (constant external pressure): 𝑤 =− 𝑃𝑒𝑥𝑡∆𝑉
Constant Pressure: 𝑄 = ∆𝐻
Constant Volume: 𝑄 = ∆𝑈
Chemical Reaction at Constant Temperature: ∆𝐻 = ∆𝑈 + 𝑅𝑇∆𝑛𝑔𝑎𝑠
Entropy Change, Constant Temperature: ∆𝑆 = 𝑄

𝑇

Free Enthalpy: 𝐺 = 𝐻 − 𝑇𝑆
Standard Free Enthalpy Change, Constant Temperature: ∆𝐺 = ∆𝐻 − 𝑇∆𝑆

Standard Free Enthalpy Change:  ∆𝐺° =
𝐴

𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠

∑  𝑛𝐴∆𝐺°𝑓(𝐴) −
𝐵

𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠

∑  𝑛𝐵∆𝐺°𝑓(𝐵)

Enthalpy Change for a Phase Transition (constant pressure): ∆𝑆𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 = ∆𝐻𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛
𝑇𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛

Free enthalpy Change: ∆𝐺 = ∆𝐺° + 𝑅𝑇𝑙𝑛𝑄

Relationship between Standard Free Enthalpy Change and the Equilibrium Constant: ∆𝐺° =− 𝑅𝑇𝑙𝑛𝐾  𝑜𝑟  𝐾 = 𝑒
−∆𝐺°

𝑅𝑇

Van’t Hoff Equation: )𝑙𝑛 𝐾2
𝐾1 = −∆𝐻°

𝑅 ( 1
𝑇2 − 1

𝑇1

Titration (acids and bases): 𝐶𝐴𝑉𝐴 = 𝐶𝐵𝑉𝐵
Henderson-Hasselbach equation: 𝑝𝐻 = 𝑝𝐾𝑎 + 𝑙𝑜𝑔 [𝐴−]

[𝐻𝐴]

Conjugate Acid/Base: 𝐾𝑎𝐾𝑏 = 𝐾𝑤𝑎𝑡𝑒𝑟 = 1. 0𝑥10−14 𝑎𝑡 25°𝐶

First Order Reaction Kinetics: 𝑙𝑛[𝐴] = 𝑙𝑛[𝐴]𝑜 − 𝑘𝑡      ;      𝑙𝑛 [𝐴]𝑜
[𝐴] = 𝑘𝑡     ;    [𝐴] = [𝐴]𝑜𝑒−𝑘𝑡    ;   𝑡 1

2
= 𝑙𝑛2

𝑘

Arrhenius Equation: 𝑙𝑛 𝑘2
𝑘1 = 𝐸𝑎

𝑅 ( 1
𝑇2 − 1

𝑇1 )

Effective Charge: 𝑍𝑒𝑓𝑓 = 𝑍 − σ
Raoult’s Law: 𝑃𝑠𝑜𝑙𝑣𝑎𝑛𝑡 = 𝑋𝑠𝑜𝑙𝑣𝑒𝑛𝑡𝑃°𝑠𝑜𝑙𝑣𝑒𝑛𝑡    ;    ∆𝑃 = 𝑋𝑠𝑜𝑙𝑢𝑡𝑒𝑃°𝑠𝑜𝑙𝑣𝑒𝑛𝑡
Boiling Point Elevation: ∆𝑇𝑒𝑏 = 𝑖𝐾𝑒𝑏𝑚
Freezing Point Depression: ∆𝑇𝑐𝑟𝑦𝑜 = 𝑖𝐾𝑐𝑟𝑦𝑜𝑚

Quadratic Equation: 𝑥 = −𝑏± 𝑏2−4𝑎𝑐
2𝑎

Thomson: discovery of the electron
Milliken: determination of the mass and charge of the electron
Rutherford: discovery of the nucleus and the proton
Chadwick: discovery of the neutron


