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Fractional distillation

• This type of distillation is used to separate a mixture of liquids, 
the difference between their boiling points of 35 ° C, such as 
gasoline 80 ° C and coloring 111 ° C, that is, it is used to separate 
liquids that are close in their boiling points and which are 
difficult to separate by the simple distillation method. Column It 
is a long cylinder (40 cm at least) and there are several types of 
storage columns



1. Vigreaux Column, which is a glass tube. In its inner cavity, 

glass protrusions extend from its surface, which are intertwined.

2. Hempel Column is a glass tube filled with small glass balls

A fractional distillation column is installed between the 

distillation flask and the distillation head (Fig. 1) and the vapor 

passes through it before it reaches the condenser.

The glass protrusions or the glass balls provide a wide surface that 

cools part of the vapors and agglomerates them and then returns them 

to the distillation flask. Between the liquid and the vapor, the more 

volatile liquid evaporates and the less volatile vapor condenses, and 

this equilibrium occurs in all parts of the column.



If one distillation is good, two are better. And fi fty, better still. So you have lots and lots of 
little, tiny distillations occurring on the surfaces of the column packing ,which can be glass 
beads, glass helices, ceramic pieces, metal chips, or even stainless steel wool.

As you heat your mixture, it boils, and the 
vapor that comes off this liquid is richer in 
the lower-boiling component. The vapor 
moves out of the flask and condenses, say, on 
the first centimeter of column packing. Now, 
the composition of the liquid still in the flask 
has changed a bit—it is richer in the higher-
boiling component. As more of this liquid 
boils, more hot vapor comes up, mixes with 
the first fraction, and produces a new vapor 
of different composition— richer yet in the 
more volatile (lower-boiling) component. 
And guess what? This new vapor condenses 
in the second centimeter of column packing. 
And again, and again, and again.



Now all of these are equilibrium steps . It takes some time for the fractions to move up 
the column, get comfortable with their surroundings, meet the neighbors . . . And if you 
never let any of the liquid–vapor mixture out of the column, a condition called total 
reflux , you might get a single pure component at the top—namely, the lower-boiling, 
more volatile component all by itself! This
is an ideal separation.

Fat lot of good that does you when you have to hand 
in a sample. So, you turn up the heat, let some of the 
vapor condense, and take off this top fraction. This 
raises hell in the column. Non equilibrium 
conditions abound—mixing. No more completely 
pure compound. And the faster you distill, the faster 
you let material come over, the higher your 
throughput —the worse this gets. Soon you’re at 
total takeoff , and there is no time for an equilibrium 
to become established. And if you’re doing that, you 
shouldn’t even bother using a column.



You must strike a compromise. Fractionally distill as slowly as you can , keeping
in mind that eventually the lab does end. Slow down your fractional distillations;
I’ve found that 5–10 drops per minute coming over into the receiving flask is usually
suggested. It will take a bit of practice before you can judge the best rate for the best
separation.

Fractional Distillation Notes
1. Read all of the notes on Class 3 
(simple distillation).
2. Make sure you have not confused the 
column with the condenser . The column
is wider and has glass projections inside 
at the bottom to hold up the packing.
3. Don’t break off the projections!
One neck stoppered
4. Do not run water through the jacket of 
the column!



5. Sometimes, the column is used without the column packing. This is all right,
too.
6. If it is necessary, and it usually is, push a wad of heavy metal wool down
the column, close to the support projections, to support the packing chips

Sometimes the packing is entirely this stainless
steel wool. You can see that it is self-supporting.
7. Add the column packing. Shake the column
lightly to make sure none of the
packing will fall out later into your distillation
flask.
8. With all the surface area of the packing, a lot of
liquid is held up on it. This phenomenon is called
column holdup , since it refers to the material
retained in the column. Make sure you have
enough compound to start with, or it will all be
lost on the packing.
9. A chaser solvent or pusher solvent is
sometimes used to help blast your compound
off the surface of the packing material. It should
have a tremendously



high boiling point relative to what you were fractionating. After you’ve
collected most of one fraction, some of the material is left on the column.
So, you throw this chaser solvent into the distillation flask, fire it up, and
start to distill the chaser solvent. As the chaser solvent comes up the
column, it heats the packing material, your compound is blasted off the
column packing, and more of your compound comes over. Stop collecting
when the temperature starts to rise—that’s the chaser solvent coming over
now. As an example, you might expect p- xylene (bp. 138.4°C) to be a really
good chaser, or pusher, for compounds that boil at less than, say, 100°C.



AZEOTROPES
Once in a while, you throw together two liquids and find that you cannot
separate part of them. And I don’t mean because of poor equipment, or poor
technique, or other poor excuses. You may have an azeotrope , a mixture with
a constant boiling point.
One of the best-known examples is ethyl alcohol–water. This 95.6% ethanol–
4.4% water solution will boil to dryness, at a constant temperature. It’s slightly
scary, since you learn that a liquid is a pure compound if it boils at a constant
temperature. And you thought you had it made.
There are two types of azeotropes. If the azeotrope boils off first, it’s a
minimum boiling azeotrope . After it’s all gone, if there is any other
component left, only then will that component distill.
If any of the components come off first, and then the azeotrope, you have a
maximum-boiling azeotrope .

Quiz question:
Fifty milliliters of a liquid boils at 74.8°C from the beginning of the distillation to the 
end. Since there is no wide boiling range, can we assume that the liquid
is pure?


