ORGANIC CHEMISTRY: PURIFICATION TECHNIQUES

Mastering Distillation

A diagnostic guide to isolating organic compounds—from
simple separation to advanced fractional and
pressure-manipulated techniques.
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THE CORE PRINCIPLE

Vaporize. Condense. Isolate.

Distillation is the fundamental process of heating a
liquid to create vapor, and then cooling that vapor to
collect the purified liquid. It exploits differences in
volatility.
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The Two-Step Mechanism

i Heat applied to the mixture

turns the more volatile component into a
gas.

2. The gas travels through a

cooled condenser, returning to a liquid state
In a separate receiver.




METHOD 01

Simple Distillation

The standard approach for separating volatile liquids from non-volatile impurities,
or liquids with significantly different boiling points.

When to Use

When the boiling points of
the two liquids differ by a
wide margin (typically
>40K). The liquids must be
thermally stable and not
decompose at their boiling
points.

How it Works

The mixture is heated. The
liquid with the lower boiling
point vaporizes first,
condenses, and is collected
cleanly before the second
liquid begins to boil.

Classic Example

Separating Chloroform (b.p.
334 K) and Aniline (b.p. 457
K).
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METHOD 02

Fractional Distillation

Required when the boiling points of two liquids are too
close for simple distillation to be effective.

« The Challenge: Vapors of liquids with close boiling points
mix, preventing pure isolation.

* The Solution: A fractionating column is fitted between
the flask and condenser.

*« The Mechanism: The column provides many surfaces for
heat exchange. Vapors condense and re-evaporate
multiple times.

* Theoretical Plates: Each condensation/evaporation
cycle is a ‘plate’. Vapors of the low-boiling component
reach the top first.

Industrial Application

Used universally in the petroleum industry to separate
crude oil into distinct hydrocarbon fractions.
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METHOD 03 A

Distillation Under Reduced Pressure b

Also known as Vacuum Distillation. Designed specifically for liquids that are highly sensitive to heat.

The Golden Rule of Boiling

A liquid boils when its vapor pressure equals
the external atmospheric pressure.

N
By using a to lower the external TE““?“"" Example |
pressure, the liquid boils at a much lower i Isolating Glycerol from spent-lye in the soap

industry. (Glycerol normally decomposes before
reaching its extremely high natural boiling point).

temperature—safely below its decomposition point.




METHOD 04

Steam Distillation

An ingenious method for separating substances that are steam volatile but completely
immiscible with water.

The Process

Steam is passed through a heated flask containing the mixture. The
mixture of organic vapor and steam travels to the condenser, then
separates into two distinct liquid layers in the receiver.

Classic Example: Separating Aniline from an aniline-water mixture.

The Chemistry
i (total) = P1(organic) T+ P2 (water)

Because P(total) reaches atmospheric pressure faster than p. alone, the
organic liquid boils at a lower temperature than its normal boiling point.
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SYNTHESIS A

s am . . . . TopAll
The Distillation Diagnostic Matrix
How to select the correct purification technique based on chemical properties.

Technique Boiling Point Diff (AT) Special Condition Classic Example
Simple Wide (>40K) Thermally stable Chloroform + Aniline
Fractional Narrow / Close Thermally stable Crude QOil fractions

Decomposes at

Reduced Pressure N/A (Usually High) normal b.p

Glycerol from spent-lye

Steam volatile,
water-immiscible

Steam N/A Aniline + Water




EXAM FOCUS
Key Takeaways

’

Temperature
dictates setup.

If liquids have vastly
different boiling points,
Simple Distillation works. If
they are close, Fractional
Distillation is mandatory to
provide multiple
theoretical plates.

Pressure
manipulates heat.

Vacuum (Reduced
Pressure) Distillation saves
heat-sensitive compounds
by lowering the external
pressure, allowing

boiling before
decomposition occurs.
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Immiscibility has
advantages.

Steam Distillation utilizes
the combined vapor
pressures of water and an
Immiscible organic
compound to achieve
boiling at lower, safer
temperatures.
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