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Thermodynamique des solutions 

contenant des électrolytes

𝜇𝑤
𝑙𝑖𝑞

= 𝜇𝑤
𝑆

∀𝑖∈{𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛}, 𝜇𝑖
𝛼 = 𝜇𝑖

𝛽

𝜇𝑤
𝑙𝑖𝑞

=𝜇𝑤
𝑟𝑒𝑓

+ 𝑅𝑇 ln 𝑎𝑤
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•

• 𝒙𝒊 = 𝐧𝐢/𝐧𝐭𝐨𝐭𝐚𝐥
• 𝒎𝒊 = 𝒏𝒊/𝒘𝒔

• 𝒄𝒊 = 𝐧𝐢/𝐕𝐬𝐨𝐥𝐮𝐭𝐢𝐨𝐧

𝝁 ∶

𝝁𝒊 = 𝝁𝒊
(𝒙)

+ 𝑹𝑻𝒍𝒏 𝜸𝒊
(𝒙)
𝒙𝒊

𝝁𝒊 = 𝝁𝒊
(𝒎)

+ 𝑹𝑻𝒍𝒏 𝜸𝒊
𝒎
𝒎𝒊/𝒎𝟎

𝝁𝒊 = 𝝁𝒊
(𝒄)

+ 𝑹𝑻𝒍𝒏 𝜸𝒊
𝒄
𝒄𝒊/𝒄𝟎

•

•

•

•

• 𝝁𝒊

•

‘’rappels’’ webinaire n°1 ‘’modélisation des 
équilibres liquide-vapeur’’
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𝒎𝒊 =
𝒏𝒊

𝒘𝒔
=

𝒏𝒊

𝒏𝒔𝑴𝒔

Fraction molaire réelle:

𝑥𝑖 =
𝑛𝑖𝑜𝑛,𝑖

σ𝑗=𝑖𝑜𝑛𝑠𝑛𝑗 + 𝑛𝑠
Fraction molaire effective sel:

𝑋 =
𝑖=𝑠𝑒𝑙𝑠


𝑗=𝑖𝑜𝑛𝑠

𝑧𝑖,𝑗 𝑥𝑖,𝑗

൝
𝝁𝒔 = 𝝁𝒔

𝒑𝒖𝒓
+ 𝑹𝑻𝒍𝒏 𝒙𝒔𝜸𝒔

𝝁𝑖 = 𝝁𝑖
∗ + 𝑹𝑻𝒍𝒏 𝒙𝑖𝜸𝑖

ቊ
𝜸𝒔 → 𝟏 𝒍𝒐𝒓𝒔𝒒𝒖𝒆 𝒙𝒔 → 𝟏
𝜸𝒊 → 𝟏 𝒍𝒐𝒓𝒔𝒒𝒖𝒆 𝒙𝒊 → 0 ? Pas exactement…

Fraction molaire apparente:
𝑋𝑠𝑒𝑙 = Τ𝑛𝑠𝑒𝑙 𝑛𝑠 + 𝑛𝑠𝑒𝑙



Thermodynamique des solutions contenant des électrolytes 6
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𝑴{𝝂+}𝑿{𝝂−} ⇌ 𝝂+𝑴𝒛+ + 𝝂−𝑿𝒛−

𝝂+𝒛+ + 𝝂−𝒛− = 𝟎 = 𝝂+𝒛+ − 𝝂− 𝒛−

𝝁{𝑴
𝝂+

𝑿𝝂−} = 𝝂+𝝁𝑴𝒛+ + 𝝂+𝝁𝑿𝒛−

𝝁{𝑴
𝝂+
𝑿𝝂−} = 𝝁{𝑴

𝝂+
𝑿𝝂−}

(∗𝒎)
+ 𝝂+𝑹𝑻𝒍𝒏 𝒎+𝜸+(𝒎) + 𝝂−𝑹𝑻𝒍𝒏 𝒎−𝜸−(𝒎)

𝝂+𝝁
𝑀𝑧+
(∗𝒎)

+ 𝝂−𝝁
𝑋𝑍−
(∗𝒎)
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𝝁𝑴𝝂+𝑿𝝂− = 𝝁𝑴
𝝂+

𝑿𝝂−
(∗𝒎)

+ 𝑹𝑻𝒍𝒏 𝒎+
𝝂+𝒎−

𝝂− + 𝑹𝑻𝒍𝒏 𝜸+
∗𝝂+𝜸−

∗𝝂− = 𝝁𝑴
𝝂+

𝑿𝝂−
(∗𝒎)

+ 𝑹𝑻𝒍𝒏 𝒂+
𝝂+𝒂−

𝝂−

𝒎± = 𝒎+
𝝂+𝒎−

𝝂− 1/𝜈 et 𝜸±
(∗𝒎)

= 𝛾+
∗𝝂+𝛾−

∗𝝂− 𝟏/𝝂

𝒂±
(𝒎)

= 𝒎±𝜸±
(∗𝒎)

Molalité moyenne Coefficient d’activité ionique moyen

Activité ionique moyenne
𝜸±
∗(𝒎)

=
𝒂±

𝒎

𝒎𝑴𝑿 𝜈+
𝝂+𝜈−

𝝂− 1/𝜈

Pour électrolyte fort 
(complètement dissocié)
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•

•
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𝜇𝑠
𝛼 = 𝜇𝑠

𝛽

𝜋 = −
𝑅𝑇

𝑉𝑚,𝑖
𝑙𝑛 𝑎𝑠

𝜙 =
𝜋𝑟é𝑒𝑙

𝜋𝑖𝑑é𝑎𝑙
=

𝑙𝑛 𝑎𝑠
𝑟é𝑒𝑙

𝑙𝑛 𝑎𝑠
𝑖𝑑é𝑎𝑙

𝑙𝑛 𝑎𝑠 = −
𝑀𝑠

1000
𝑚𝑖 −

𝑀𝑠

1000
න
0

𝑚𝑖

𝑚𝑖

𝜕𝑙𝑛𝛾𝑖
𝑚

𝜕𝑚𝑖
𝑇,𝑝

𝑑𝑚𝑖

Cas membrane imperméable aux ions

𝑙𝑛 𝑎𝑠
𝑖𝑑é𝑎𝑙 (𝑚)

= −
𝑀𝑠

1000
𝑚𝑖 et 𝜙 =

1000

𝑀𝑠𝑚𝑖
ln

𝑃𝑠

𝑃𝑠
𝑠𝑎𝑡
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𝝓(𝒎) =
𝒍𝒏 𝒂𝒔

𝒓é𝒆𝒍

𝒍𝒏 𝒂𝒔
𝒊𝒅é𝒂𝒍

=
−𝒍𝒏 𝒂𝒔

𝒓é𝒆𝒍

𝑴𝒔 σ𝒊𝒐𝒏𝒔,𝒊𝒎𝒊

𝜕𝐺𝐸𝑥∗

𝜕𝑛𝑠𝑒𝑙 𝑇,𝑝,𝑛𝑠

= 𝜈𝑅𝑇𝑙𝑛 𝛾±
∗(𝑚)

𝜕𝐺𝐸𝑥∗

𝜕𝑛𝑠 𝑇,𝑝,𝑛𝑠𝑒𝑙

=
𝜈𝑚𝑠𝑒𝑙𝑀𝑠

1000
𝑅𝑇 1 − 𝜙 𝜙 − 1

=
1000

𝜈𝑚𝑀𝑠

𝜕𝐺𝐸𝑥∗

𝜕𝑛𝑠 𝑇,𝑝,𝑛𝑠𝑒𝑙
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𝐼𝑐 , 𝐼𝑚𝑜𝑢 𝐼𝑥

𝐼 =
1

2


𝑖𝑜𝑛𝑠 𝑖
𝑧𝑖
2𝑐𝑖

𝐼𝑚 =
1

2


𝑖𝑜𝑛𝑠 𝑖
𝑧𝑖
2𝑚𝑖

𝐼𝑥 =
1

2
σ𝑖𝑜𝑛𝑠 𝑖 𝑥𝑖𝑧𝑖

2

ln 𝛾𝑖
∗(𝑚)

= −𝑧𝑖
2𝐴𝛾𝑚 𝐼𝑚

𝑰𝒎 = 𝒎𝒔𝒆𝒍

𝑓𝑜 𝑒, ϵ0, 𝜖𝑟 , 𝑑𝑠 , 𝑇, 𝑅, 𝑁𝑎 =
1

3
𝐴𝐷𝐻
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𝑙𝑛 𝛾±
∗(𝑚)

= − 𝜈+𝜈− 𝐴𝛾𝑚 𝐼𝑚

° 𝑙𝑜𝑔10(𝛾±
∗(𝑚)

) = −0,510 𝜈+𝜈− 𝐼𝑚

𝐼𝑚 ≈ 0,7 𝑚𝑜𝑙. 𝑘𝑔−1

ln 𝛾±
∗(𝑥)

≈ ln 𝛾±
∗(𝑚)

𝐼𝑚 < 0,01 𝑚𝑜𝑙. 𝑘𝑔−1

𝛾±
∗(𝑚)
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𝑙𝑛 𝛾±
∗(𝑚)

= −
𝜈+𝜈− 𝐴𝛾𝑚 𝐼𝑚

1 + 𝐼𝑚
+ 𝑏𝐼𝑚

𝐼 < 1𝑚𝑜𝑙. 𝑘𝑔−1

𝑏𝐼 < 0,1 𝑚𝑜𝑙. 𝑘𝑔−1

𝛾
𝛾
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•

𝑤𝑠 = 1𝑘𝑔
𝐺𝐸𝑥∗

𝑅𝑇𝑤𝑠
= 𝒇 𝑰𝒎 +

𝑖


𝑗
𝑚𝑖𝑚𝑗𝝀𝒊𝒋 𝑰𝒎 +

𝑘


𝑖


𝑗
𝑚𝑖𝑚𝑗𝑚𝑘𝚲𝒊𝒋𝒌 𝑰𝒎 +⋯

• 𝜙 − 1 ln 𝛾±
𝑚

•

Paramètres ajustables dans 𝝀𝒊𝒋 et 𝚲𝒊𝒋 :

𝛽𝑀𝑋
0
, 𝛽𝑀𝑋

1
, 𝛽𝑀𝑋

2
, 𝐶𝑀𝑋

𝜙
(+autres)
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• 𝜸

ቐ
𝑮𝒎
𝑬𝒙 = 𝑮𝒎,𝑺𝑹

𝑬𝒙 + 𝑮𝒎,𝑳𝑹
𝑬𝒙

𝒍𝒏 𝜸𝒊
𝒙

= 𝒍𝒏 𝜸𝒊,𝑺𝑹
(𝒙)

+ 𝒍𝒏 𝜸𝒊,𝑳𝑹
𝒙

•

•
•
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𝐺𝑚
𝐸𝑥

𝑅𝑇
=

𝑖
𝑥𝑖
σ𝑗 𝑥𝑗𝜏𝑗𝑖𝐺𝑗𝑖

σ𝑘 𝑥𝑘𝐺𝑘𝑖

• 𝝉𝒋𝒊 𝝉𝒊𝒋

• 𝜶𝒋𝒊

𝐺𝑗𝑖 = exp −𝛼𝑗𝑖𝜏𝑗𝑖

𝜏𝑗𝑖 =
𝑔𝑗𝑖 − 𝑔𝑖𝑖

𝑅𝑇

𝛾𝑖 =
ቍ𝜕

𝐺𝑚
𝐸𝑥

𝑅𝑇
𝜕𝑛𝑖 𝑇,𝑝,𝑛𝑗
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• 𝑿𝒊 = 𝒙𝒊𝑪𝒊 𝐶𝑖 = 𝑧𝑖
• 𝑋𝑎𝑎 = 0, 𝑋𝑐𝑐 = 0

• 𝑚 𝜈𝑐𝑋𝑐𝑚 + 𝜈𝑎𝑋𝑎𝑚 = 1

𝑮𝒎,𝑺𝑹
𝑬𝒙 =(𝒎𝒐𝒍𝒆𝒄𝒖𝒍𝒆𝒔,𝒎) +(𝒂𝒏𝒊𝒐𝒏𝒔, 𝒂) +𝒄𝒂𝒕𝒊𝒐𝒏𝒔, 𝒄


𝑚
𝑥𝑚

σ𝑗𝑋𝑗𝜏𝑗𝑚𝐺𝑗𝑚

σ𝑘𝑋𝑘𝐺𝑘𝑚


𝑎
𝑋𝑎

𝑐
𝑌𝑐
σ𝑗∈{𝑚,𝑐}𝑋𝑗𝜏𝑗𝑎,𝑐𝑎𝐺𝑗𝑎,𝑐𝑎

σ𝑘𝑋𝑘𝐺𝑘𝑎,𝑐𝑎


𝑐
𝑋𝑐

𝑎
𝑌𝑎
σ𝑗∈{𝑚,𝑎}𝑋𝑗𝜏𝑗𝑐,𝑎𝑐𝐺𝑗𝑐,𝑎𝑐

σ𝑘𝑋𝑘𝐺𝑘𝑐,𝑎𝑐
𝑮𝒎,𝑺𝑹
𝑬𝒙 = ++

𝜏𝑗𝑚, 𝜏𝑗𝑎,𝑎𝑐 , 𝜏𝑗𝑐,𝑎𝑐
𝑌𝑎/𝑐
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𝐺𝑚
∗𝑃𝐷𝐻

𝑅𝑇
= −𝑛

1

𝑚0𝑀𝑠𝑜𝑙𝑣

4𝐴𝜙𝐼𝑥

𝑏
ln 1 + 𝑏 𝐼𝑥

𝑀𝑤
−1/2

𝐴𝜙 =
2𝑁𝑎𝜌𝑤

0 ൗ1 2

24𝜋

𝑒2

𝜀0𝜀𝑟𝑘𝐵𝑇

ൗ3 2

ቇ
𝜕

𝜕𝑛𝑖 𝑇,𝑝,𝑛𝑗

𝜸𝒊,𝑳𝑹
∗(𝒙)

ln 𝛾𝑖,𝐿𝑅
∗(𝑥)

= − 𝐴𝜙𝑀𝑤

− ൗ1 2
2𝑧𝑖

2

𝑏
ln 1 + 𝑏 𝐼𝑥 +

𝑧𝑖
2𝐼𝑥

ൗ1 2 + 𝑏 𝐼𝑥
ൗ3 2

1 + 𝑏 𝐼𝑥

𝐴𝜙 = 𝑐𝑜𝑟𝑟𝑒𝑙. (𝑇)
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• 𝜏𝑚𝑚′

• 𝜏𝑚𝑎,𝑐𝑎

• 𝜏𝑚𝑐,𝑎𝑐

• 𝛼𝑚𝑚′
• 𝛼𝑚𝑐𝑎,

• ≈

𝜏𝑚𝑚′ = 𝐴𝑚𝑚′ +
𝐵𝑚𝑚′

𝑇
+ 𝐶𝑚𝑚′ ln 𝑇 + 𝐷𝑚𝑚′𝑇

• 𝜏𝑤,𝑀𝑒𝑂𝐻, 𝜏𝑀𝑒𝑂𝐻,𝑤 → 2
• 𝜏𝑤,𝑁𝑎𝐶𝑙 , 𝜏𝑁𝑎𝐶𝑙,𝑤 → 2

• 𝜏𝑀𝑒𝑂𝐻,𝑁𝑎𝐶𝑙 , 𝜏𝑁𝑎𝐶𝑙,𝑀𝑒𝑂𝐻 → 2

• 𝛼𝑖𝑗 = 0,2

𝜏𝑐𝑎,𝑚 = 𝐴𝑐𝑎,𝑚 +
𝐵𝑐𝑎,𝑚
𝑇

+ 𝐶𝑐𝑎,𝑚𝑓
0(𝑇)

•

•

•
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•
•

•

•

•
•

•

•

Ex. TBAB
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𝐾𝑆𝑃,𝐾𝐼
𝐾𝑆𝑃,𝐾𝐶𝐼
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•

•

•

•

•

•

•

•

•

•
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Merci 

de votre attention


