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1s constant throughout the t]istillatkm

3. The boiling temperature remait |
4. Distillation establishes only the purity and boiling point of the pyre "l

tion of the nonvolatile dissolved solids h(‘ﬂllue
W Thls rOCess eﬂects the Sf[m‘l . . i Jis {i"(‘(l- conde godl h,
il rema[i)n in the residue and the volatile ligquid is dis ensed, and m“e%d

 t:llate is constant throughout because it i
he distil Pure. |

1. The temperature of t
f the boiling solution increases gradually through(,m the dis
tion becomes saturated with the nonvolatile s}

2. The temperature ot ¥ |
tillation because the boiling solu

When a nonvolatile substance is in the quuifl beinlg (]?:‘iti”(?(l,‘ the temperatyr, of
the distilling liquid (the head tmnpera.ture) will l)c‘t ‘](;‘ Sll"}?(_‘ ?: tbat w .the o
uid, since the vapor being condensed is uncontaminated by the impurity, The .
perature of the pot liguid will be higher, because of the decreased vapor Pressure
the nonvolatile solute. The temperature of the pot liquid

of the solution containing . em
will continue to increase as the volatile component distills away, further lower;

the vapor pressure of the solution and increasing the concentration of the solyte.

When evaporating a solution to recover the solute or when using electric hegt o
burners to distill off large volumes of solvent to recover the solute, do not evaporate
completely to dryness. The residue may be superheated and begin to decompose.

CAUTION

Distillation of a Mixture of Two Liquids

Principle Simple distillation of a mixture of two liquids will not effect a complete separation.
If both are volatile, both will vaporize when the solution boils and both will appear
in the condensate. The more volatile of the two liquids will vaporize and escape
more rapidly and will form a larger proportion of the distillate. The less volatile
constituent will concentrate in the liquid that remains in the distilling flask, andthe
temperature of the boiling liquid will rise. The more volatile of the two liquidi"ﬂ,
appear first in the distillate. When the difference in the volatilities of the twolig-
uids is large enough, the first distillate may be almost pure. The last of the distillate
co]ler{tefd will be richer in the less volatile component. If there is sufficient differ-
ence in the volatilities of the two liquids, the last of the distillate may be alet =
pure.lThe distillate collected between the first portion and the last portion W2
contain varying amounts of the two quuids, (See Fig. 21.5.)

You may separate two liquids with d; : receio®” |
. ' quids with different volatilities by changing th
several times during the distillation, thus collecting severa.{ portions of distillt®

B L. The firs rti ;
s more volaﬁlel:;:;ui(:jnm(:;l ected while the boiling temperature is near that

contain that liquid with little impurity.

o
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 the material to a smaller flask and continue the .
by the large surface area of large flasks, [fg:::'l:;;:::, ,}& ¥
.

walls of the flask act as a condenser, makin Mg
» making it diffje 9 bty

transfe
Josses caused
substance, the
material over.

TABLE 21.1

Maximum-Boiling-Point
Azeofropic Mixtures

mixtures distill at constant temperature with ;
in ¢ 2

Azeotropic
one cannot separate azeotropic mixtures by

tion, Obviously,
methods.

ic solutions are nonideal solutions. Some displa
a
I: these are said to exhibit positive (leviguzn %73:: ¥
' i

res boil at temperatures higher than the boline o
t: these are nmximmn—boiliﬁg azeotropes ;ﬂﬁ ber.

Azeotrop

than expectec

position range such mixtu
ature of either componen

and Fig. 21.6).

Mixtures that have boiling temperatures much lower

of cither component exhibit negative deviation; whentlz:::thh'::j:&gtn B temperaty,
ular composition range, they act as though a third component wer s havespaty,
91.7. the minimum boiling point at Z is a constant boiling point m Iy
is in equilibrium with the liquid and has the same composition as the s |
Pure ethanol (bp 78.4°C) cannot be obtained by fractional disﬁ"mhqtﬁdh
solutions that contain less than 95.57% of ethanol because this is mdm
composition; the boiling point of this azeotropic mixture is 0.3" lower than that of

pure ethanol.

;!

Component A Component B bp of B
Substance  bp,°C  Substance bp, °C mwuwc ‘b’“.-,t
‘V:ater 100.0  Formic acid 100.8 Jm.i 175_
wa:‘” 1000 Hydrofluoricacid — 19.4 1200 a
W:t: 1000 Hydrochloric acid ~ ~84.0 108.6 02
oy 1000 Hydrobromic acid ~ ~73 126 48

er 1000 Hydriodicacid  -35 127 510

Water 100.0  Nitric acid

Water :
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TABE 212

R s Component B
Component A
b ————
o¢  Substance

Substance bp.
B an Ethyl alcohol

Water 100.0
100.0 ]snpmp_vl alcohol

:::: 1000 n-Propyl alcohol
Water 100.0  tert-Butyl alcohol 82 6 b %
Water 1000  Pyridine 115.5 926 liy
Methyl alcobol 64.7  Methyl iodide 445 B0 ™
i Elh\'i' alcohol 78.3 Elhyl iodide 723" 63.0 )
Methyi alcohol 64.7  Methyl acetate 57.0 540 13
Ethvl aleohol 783  Ethyl acetate 77.2 718 19
Water 1000 Butyric acid 1635 %4 3]
Water 100.0  Propionic acid 140.7 100.0 184
Benzene 502  Cyclohexane 80.8 775 177
Ethyl alcohol 78.3  Benzene 80.2 65.2 5
Ethyl alcohol 78.3  Toluene 110.6 767 324
Methyl alcohol 64.7  Chloroform 61.2 535 68
Ethyl alcohol 78.3  Chloroform 61.2 50.4 1%5
Ethyl alcohol 78.3 Methyl ethyl ketone 79.6 74.8 ‘“‘).0
Methyl alcohol 64.7  Methylal 42.2 41.8 152
Acetic acid 1185  Toluene 106 1054 i
T —
FRACTIONAL DISTILLATION

Principle

The separation and pflriﬁcation of a mixture of two or more liquids, present in
?F}Z.:)t:.:;!;le amounts, into various fractions by distillation is fractional distillation.
o ;j;e;;lag)l/ in thglsystemaﬁc redistillation of distillates (fractions of
L sé argl:resF .8., 21.?, and 21.10 are distillation curves showi{lg
illing flsh. Lo, ph €. ¥ractionations can be carried out with an ordinar,v'f#*
» Dut, where the components do not have widely separated boling

ol & ' :
PO, itis avery tedious process. A fractionating column (Fig, 21.11) is essenfil

N apparatus f : ‘
the necessity Of? ;clt)uejuorm]"g a large number of successive distillations wilho

cohumn is filled with Y °°ue°ﬁ"g and redistilling the various fractions. The g
(Fig, 21.12), Some f ieces of glass, glass beads, metal screening, or glass he
columns are more efficient than others.

The separatio .
n of mj e :
by distillatiop, Th:::mres by this means is a refinement of ordinary sepiri™

a series of distillations involving partial vapo"izamlnef
ey trates the i the first fract y
es . o or i

: :1 0 atile component in the last fractio” -
POrleaves the surface of the liquid and passes up

THENsation gy
dlsﬁ]late Al Cen
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