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molecular weight, since, ot llar weight and boiling point. ‘Tf-"- e
inversely proportional to its molecul: <. gasoline, kerosene, 8as-01l, apq
fractions are usually referred to as t}?e ];glgml;o-l;t‘rties of each fractiop
S tions. Although t | : '
-oil fractions. Alth Agh 5% ¥ general propertie. are
lrl:lt)l?:ra Ei?tginvt it must be kept in mind that tlhe c?iverqe values for 'bt
e r ~ ~ L the
Simply the average of what might be extrfl':me : the molecular we;g,,
Simpi) S as the 2f Weighy
& an s = 3 raction. or, <nt
individual hydmcarbo_n:- in each tfhe number of possi e _compounds of
of organic matenfz 'S e, ity and separations by fractiona] distil.
similar volatility increases-greatly and s : poar :
. . t, if not impossible. he paraffin octane, fo,
lation become very difficult, if n Ty S
ple;ta 15 isomers all of which mav be present In a given samp)e
exXam 9 1somers, - g
s S : s of different molegy.
Added to this is the complication that co.n?poundd boiling o ¢ ;l‘ar
type can have almost the same volatility an S PoInts. Fq,

example, the six-carbon hydrocarbons benzene and cyvclohexane boil gt
80.1 and 80.8°, respectively
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it forms ap azeotrope is offen larg‘é‘mh‘fo\eﬁect a further < '
@Of close-boiling Mmaterig]s, “‘J’x_, = = TN
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be resolved by dis(.illn.l'.inn.@l‘hu

maximum  hoiling-poi shresaing ¢
(most azeotropes exhibit a ilibi-point._depression

the boiling points of t minimum  boiling point) is obtained whoen
I s of the two pure solvents forming the azeotrope nre

zﬁzli‘:::\?’ :):'i I}l{‘;l!(.!t-l('z.ll,0().m‘ml.(‘,rn.l:imm require that, t;h.n l)uili.ng point of the
: Ssulliciently different, from the close-hoiling mixture that the
e.\ces.s entrainer can then be separated from the residue in the t'li I /
fractional distillation.  With an entrainer which bl - o oo oSy B
material to be separated. o xo ltl , ['}l raimer Whl.("!l hml’f w”',h'" 407 of the
Boctins T e 0 Tl.m,st t)l t‘n’\en.ng of Llu: boiling D(-Hlfl,- of i.hf'. uzml:mlm
misture of Biand G whic’h ! 1.0 a;.ooi.ropu AC can be fllst,lllu('l n'lf, I(.‘m'mg 0
The separation of ax . m_n. e resolved by fractional distillation. '
azeotrope can f)ecqiu zem{npcmfm__l_n_ .{..l...1.1.9!_3?}3‘_@tll“flqg__r)l' from mfnl.hm'
T e aleulated by -the conventional methads by simply
treat1{1§t‘h(? azeotrope as & pure component. In many instances, thoigh, !
! 2% BEpANtiofa are appreciably better than the caleulations indicate they;
should be. .
Two noteworthy cases of azeotropie distillation familiar to the analyti-
cal chemist are the preparation of constant-boiling hydrochloric acid and !
anhydrous ethyl alcohol. The pi:epm'at.ion of anhydrous alcohol will
illustrate the method well. 8, 1w i
At atmospheric pressure water and ethyl alcohol form a constant- /
boiling mixture (bp 78.15°C) which is 95 per cent alcohol.  Since water
is a majOI"mnponentmmex-ci:ll preparation of aleohol, pure
alcohol cannot be recovered by a simple fractional distillation. lf,'-|
however, benzene is added to the alcohol-water azeotrppe, a new lower- |
boiling (65°C) ternary azeotrope is formed among benzcne, water, and i
alcohol (74 per cent benzene, 18.5 per cent aleohol, 7.5 per cent \?utoir). -.
Distillation of the ternary azeotrope accomplishes the qunntn.t,u.tlvn ':
removal of water from the system but’ leuv(':s the alecohol contaminated _.
with benzene. The benzene and aleohol in turn form an azeotrope

(67.6 per cent benzene and 32.4 per cent aleohol, bp 68.3°C) which-dis_a- j
“ti lls: over. leaving anhydrous ethyl alcohol which can be collected at 78.,5°C, 1,
)’ :
In petroleum analyses,

a given entrainer may form azeotropes with |
ach type of hydrocarbon in a given boiling range or be somewhat specific | %
eac . |
in its action. For example, paraffins, na

phthenes, olefins, and aromatics |
. ini -boiling azeotropes with

T - to 110°C form minimum-boi )
boiling in the RS oK olefins, and naphthenes (but not toluene) !

- araffins . i e .
methanol whtelcfaes {I\Zith i t’h yl ethyl ketone. lhus.,.,thc judicious scl.c(,
oy Efl'n attz eo'lf&flinlidS (azcotrope formers) can facilitate the separation
tion of entral - ¢

. al ' 3 ,Gd fOI'
¢ 1 . tures. Tables of known azeotropes can he consult ‘
of complex mixtures.

. ¢ 29,23 | iy
practical purposcs. ; be used to separate ethyl benzene }
. : qn be Uus 7 !
Specifically, acetic ﬂ)m‘i ncd butyl acetate is good for the dehydration of !
vinyl benzene (styrenc), ; -
acetic acid.
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me];:;ig(.nct and Rubin?* resolved a mixture oﬂf _paraffins __I,l_r_lghlglj"'llﬂ by

extractive distillation M the solvent. . Without the pheng|
‘| the relative volatilities of the components were lm.lt.y I{.nd N0 separatigy,
i was possible. With phenol, the relative volatility increased to 37

giving a boiling-point difference of about 80°C for the two fractions
collected.
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