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Spontaneity – Formula Sheet: 
2nd Law of Thermodynamics: 
 

∆𝑆𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑒 = ∆𝑆𝑠𝑦𝑠𝑡𝑒𝑚 + ∆𝑆𝑆𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔𝑠 
 

Entropy Change: 
 

∆𝑺𝒐
𝒓𝒙𝒏 = ∑𝑛 𝑆𝑜

𝑓(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠) − ∑𝑛 𝑆𝑜
𝑓(𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠) 

 
Entropy: 

∆𝑆𝑆𝑢𝑟𝑟 = −
∆𝐻

𝑇
 

 
𝑆𝑔𝑎𝑠 > 𝑆𝑙𝑖𝑞𝑢𝑖𝑑 > 𝑆𝑠𝑜𝑙𝑖𝑑          𝑇 ↑ 𝑆 ↑   ∆𝑆 = + 

 

Enthalpy Change: 
 

∆𝑯𝒐
𝒓𝒙𝒏 = ∑𝑛 𝐻𝑜

𝑓(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠) − ∑𝑛𝐻𝑜
𝑓(𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠) 

 

Gibbs Free Energy Change: 
 

∆𝐺 = ∆𝐻 − 𝑇∆𝑆 
 

Standard Free Energy Change: 
 

∆𝑮𝒐
𝒓𝒙𝒏 = ∑𝑛𝐺𝑜

𝑓(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠) − ∑𝑛 𝐺𝑜
𝑓(𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠) 

 
The Reaction Quotient: 
 

∆𝐺 = ∆𝐺° + 𝑅𝑇 ln𝑄 
 

𝑄 = 𝑒
∆𝐺−∆𝐺°

𝑅𝑇  
 

𝒋𝐴 + 𝒌𝐵 ←⃗⃗⃗  𝒍𝐶 + 𝒎𝐷 
 

𝑄 =
[𝐶]𝒍[𝐷]𝒎

[𝐴]𝒋[𝐵]𝒌
  

 

The Equilibrium Constant: 
 

∆𝐺° = −𝑅𝑇 ln𝐾 
 

𝐾 = 𝑒−
∆𝐺°
𝑅𝑇  

 
𝒋𝐴 + 𝒌𝐵 ←⃗⃗⃗  𝒍𝐶 + 𝒎𝐷 

 

𝐾𝐶 =
[𝐶]𝒍[𝐷]𝒎

[𝐴]𝒋[𝐵]𝒌
 

ln (K) vs (1/T) linear Plot: 
 

ln (
𝐾2

𝐾1
) = −

∆𝐻

𝑅
[
1

𝑇2
−

1

𝑇1
] 

 
𝑅 = 8.3145 𝐽/𝑚𝑜𝑙 ∙ 𝐾 

 
Slope:   

𝑚 = −
∆𝐻

𝑅
=

∆ln (𝐾)

∆(1/𝑇)
 

 

ln (K) vs (1/T) linear Plot: 
 

ln(𝐾) = −
∆𝐻

𝑅
(
1

𝑇
) +

∆𝑆

𝑅
 

 
𝑦 = 𝑚𝑥 + 𝐵 

 
Y-Intercept: 

𝐵 =
∆𝑆

𝑅
 

 

Spontaneity: 
 

1. ∆𝐺° < 0, 𝑆𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 
2. ∆𝐺° = 0, 𝐸𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚 
3. ∆𝐺° > 0, 𝑁𝑜𝑛𝑠𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 

 

The Equilibrium Constant: 
 

1. ∆𝐺° < 0, 𝐾 > 1 
2. ∆𝐺° = 0, 𝐾 = 1 
3. ∆𝐺° > 0, 𝐾 < 1 
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Spontaneity Table: 
∆𝑯 ∆𝑺 𝑻 ∆𝑮 𝑺𝒑𝒐𝒏𝒕𝒂𝒏𝒆𝒊𝒕𝒚: 

 
+ 

 
+ 

𝐻𝑖𝑔ℎ 
 

− 𝑆𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 

𝐿𝑜𝑤 
 

+ 𝑁𝑜𝑛𝑠𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 

 
− 

 
− 

𝐻𝑖𝑔ℎ 
 

+ 𝑁𝑜𝑛𝑠𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 

𝐿𝑜𝑤 
 

− 𝑆𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 

 
− 

 
+ 

𝐻𝑖𝑔ℎ 
 

− 𝑆𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 

𝐿𝑜𝑤 
 

− 𝑆𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 

 
+ 

 
− 

𝐻𝑖𝑔ℎ 
 

+ 𝑁𝑜𝑛𝑠𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 

𝐿𝑜𝑤 
 

+ 𝑁𝑜𝑛𝑠𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 

 
 

Gibbs Free Energy Change: 
 

∆𝐺 = ∆𝐻 − 𝑇∆𝑆 
 
Note:   

∆𝑆 → 𝐽/𝑚𝑜𝑙 ∙ 𝐾          ∆𝐻 → 𝑘𝐽/𝑚𝑜𝑙 
 
Convert ∆𝑆 𝑓𝑟𝑜𝑚 𝐽 𝑡𝑜 𝑘𝐽 𝑡𝑜 𝑚𝑎𝑡𝑐ℎ 𝑤𝑖𝑡ℎ ∆𝐺 & ∆𝐻. 

Boiling Point Temperature: 
 

𝐴(𝑙) ↔ 𝐴(𝑔) 
 

𝑇𝐵 =
∆𝐻𝑉𝑎𝑝

∆𝑆
                 ∆𝐺 = 0 

 

 


