Class 12 Chemistry « Chapter 1 A

1.5.2 Non-ideal Solutions
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Understanding how molecular interaction imbalances
drive deviations from Raoult’s Law.




The Limitation of Ideal Models

The Molecular Imbalance A

Ideal solutions assume all molecules interact with equal
force. In reality, the attractive forces between different
molecules often disrupt this perfect balance.

Ideal Behavior

A-A and B-B interactions are exactly equal to A-B
interactions. Obeys Raoult's Law at all concentrations.

(BnixH = ©) (BuixV = ©)

Non-ldeal Behavior

The intermolecular attractive forces between solute and
solvent are unequal to the pure components. Vapour
pressure diverges from Raoult's predictions.

[Non-Ideal Condition] A-A interactions + B-B interactions # A-B interactions



Increased Escaping Tendency g b

Positive Deviation

y N

Weaker Bonds

A-B interactions are weaker than pure A-A or
B-B interactions.

The Result

Molecules find it easier to escape the liquid
phase. This leads to a higher total vapour
pressure than predicted.
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1 High Vapour Pressure

AmixH > O (Endothermic) Vapour pressure of solution is HIGHER than
AmixV > O (Expansion) Raoult's Law prediction. pi > pi®0 xi 52
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Decreased Escaping Tendency

Negative Deviation

s

Stronger Bonds

A-B interactions are stronger than pure A-A
or B-B interactions.

The Result

Molecules are trapped in the liquid phase,
decreasing their escaping tendency. Total
vapour pressure drops.

4 Low Vapour Pressure

AmixH < 0 (Exothermic)
AmixV < 0 (Contraction)
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Vapour pressure of solution is LOWER than
Raoult's Law prediction. pi < pi”0 xi




Molecular Evidence in Action

Real-World Chemical Deviations

Positive Deviation (Breaking Bonds)

Acetone
Ethanol “- H-bond -~ Ethanol

Ethanol + Acetone

Pure ethanol is held tightly by hydrogen bonds. Acetone
molecules squeeze between them, breaking the host's
H-bonds. Interactions weaken = Vapour pressure rises.

Carbon Disulphide + Acetone

Dipolar interactions in the mixture are weaker than those
In the pure components.
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Negative Deviation (Forming Bonds)

/

Heses:(0)—= Acetone

New H-bond

Chloroform

Phenol + Aniline

Forms strong intermolecular H-bonds between the
phenolic proton and the nitrogen lone pair.

Chloroform + Acetone

Chloroform forms a new H-bond with acetone.
Interactions strengthen - Vapour pressure drops.



The Extreme Limits of Non-Ideality

Azeotropes (Constant Boiling Mixtures) A
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Binary mixtures that have the exact same composition in liquid and vapour phases. They

boil at a constant temperature and cannot be separated by fractional distillation.

Large Positive Deviation

Minimum Boiling Azeotrope

Because vapour pressure is extremely high,
boiling point is lowered.

Ethanol (95%) + Water (5%)

Large Negative Deviation

Maximum Boiling Azeotrope ﬂ

Because vapour pressure is extremely low, a
higher temperature is needed to boil.

Nitric Acid (68%) + Water (32%)

Boils at 393.5K



Master Summary

The Interaction Imbalance A
TopAll
ldeal Solutions Positive Deviation Negative Deviation
: A-B < A-A, B-B A-B > A-A, B-B
Interactions A-B = A-A = B-B (Weaker) (Stronger)
Raoult’s Law Pt = p1 + p2 Bt >Ep T+ pE Pt < pl + p2

Enthalpy / Volume pEAHESSE—RGRAYe. =0 | AH . > 0 & . >0 ( AH .. < 0,AV_. < @

mix mix

Azeotrope - Minimum Boiling Maximum Boiling

Core Principle: Escaping tendency is entirely dictated by the comparative strength of molecular interactions.
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