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SEPARACOES

- Sistemas heterogéneos
» filtracao
* centrifugagao

* decantacao

- Isolamento de produtos
e extracao
% a. extracao por solvente

“* b. extracao por micela reversa

“* c. extracao por fluido supercritico



EXTRACAO

transferéncia de solutos de uma fase liquida ou solida
para um solvente ligtido

+ Extracoes

liquido- liquido
solido- liquido

supercritica: um proceso de extragao liquida no qual se
empregam fluidos comprimidos ao invés de solventes usuais



A extragdo liquido-liquido é um método (til na
separagdo de componentes (substdncias) de uma

mistura
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Vamos ver um exemplo:

O Imagine uma mistura de
agucar em oleo vegetal
(tem sabor doce) e voce
quer separar o agucar
do oleo.Voce observa _
que as particulas de  Yegetable ol
aclcar sio muito and sugar
pequenas para filtrar e
VOCe suspeita que o
acucar se encontra
parcialmente dissolvido
no oleo vegetal.
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A extracao Liquido-liquido se baseia na transferéncia
de um soluto de uma fase liquida para outra de acordo
com a sua solubilidade.

A extracao se torna uma ferramenta util na sepracao de
compostos organicos se forem escolhidos os solventes
de extracao adequados. Assim, essa técnica pode ser
usada para separar seletivamente uma substancia de
uma mistura ou para remover impurezas de uma
solucdo. Na pratica, normalmente uma das fases € a
agua ou uma solucao aquosa € a outra um solvente
organico que € imiscivel com a agua.

Para um composto determinado, as diferencas de
solubilidade entre os solventes podem ser quantificadas
sendo denominadas de “Coeficiente de distribuicao”.



Coeficiente de Partigdo Kp
(Coeficiente de Distribuicao Kd)

Quando um composto é misturado em um funil de
separagdo com dois solventes imisciveis, o composto ird
se distribuir entre os dois solventes.
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A maioria dos compostos
organicos é mais soldvel
nos solventes organicos.



A uma determinada temperatura, a razao de
concentragcoes de um soluto em cada solvente é
uma constante. Essa razdo é chamada de
Coeficiente de distribuicdo, K.
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K concentration in Solvents
" concentration in solventy
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(quando solvente; e solvente, sdo liquidos imisciveis.
Por convengdo o solvente orgdnico é o [1] e a dgua

é o [2])



Suponhamos que um composto possui um coeficiente de
distribuicdo K = 2 entre solvente; and solvente,

_ [e]solvz Figure 1
[ K — [w]solvi — 2 30 particles
100mL solvent 2 Yo =7 20 particles _ _
100mL solverk 1 110) particles =2 (_ K)

Figure 2

3 0 0 particles

200partcs  _ 5 ey Se vocé usar uma

100 particies quantidade maior do
solvente de extracdo,
uma maior quantidade

300 particies serd extraida.

100mL solvent 2 it

100mL solvent 1

Figure 3

200mL solvert 2%

240particles /200mL _
GOparticles / 100mL 2 (=K)

100mL zolvent 1



Figure 2

3 0 0 particles

200 particles _ _
100 particles  — 2 (_ K)

O que aconteceira se
vc extraisse 2 vezes

com 100 mL de
solvente?

100mL solvent 2 iy

100mL solvent 1

Vocé ainda tem 100 mL do

solvente;, contendo 100 Suppose X particles  are

exacted oubl oF 100 dissolved

particulas. S
Adicione uma segunda porgdo de
X
100 mL de solvente, puro. K = A00mLsohe

(100 - X}~ 100mL sohA
1 L =0k
X =2(100 - x)ooll*

¥ = 200 - 2x

200 mL de solvente, : 240

: = = 200
particulas do composto. Uma
extragdo com 200 mL fornece um X = 666 =
TOTAL de 240 particulas, -. B7 particles are extracted
contra 267 em duas etapas with  the second portion  of
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E mais eficiente
fazer duas
extragcoes com

do volume do
solvente de
extragdo do que
uma com um grande
volumel

1I][h'lL 300 paicles

solvent 1
L

[

200mL
100mL salvent 2




Quanto maior o nimero de pequenasextragoes,
mairo sera a quantidade de soluto removida.
Entretanto, para otimizar a eficiéncia a regra
geral é é extrair trés vezes com com 1/3 do
volume.
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Extragdo Quimicamente Ativa (acido-base)

E possivel mudar as caracteristicas de solubilidade
de um composto? Como?

A maioria dos copostos orgdnicos é mais sollvel em solventes
organicos do que em dgua, normalmente o coeficiente de
particdo K > 4

Contudo, algumas classes especificas de compostos organicos
podem ser alteradas quimicamente para se fornarem mais
solldveis em dgua.
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Que tipos de compostos organicos podem ser feitos
soliveis em dgua? Os dcidos e as bases orgdnicas

Examples of Carboxylic acids Examples of  Fhenols
' H. i
] 7
A P
HO GHEGHEEH3 ,
Benzoic acid Eubyric acid ' Phenl

Examples of  AMINES
: hHp

(CHAH CHCH N

] ) i
A_Chloroaniline Tributylamine



Como podem dcidos ou bases organicos serem
convertidos em uma forma solivel em dgua?

Carboxylic acid
% 1T

Na" OH
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De-protenated fomm;
IONIC

nok soluble inether
soluble in waksr

Acidos carboxilicos
(pKa = 3 a 4)

5% de solucao aquosa
de NaOH. O NaOH
é uma base inorganica
forte.

também pode reagir
com fracas bases
inorganicas
(solucao aquosa de

e

0 saturatec 0]
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Vamos tentar um exemplo de problema.
Aqui temos uma mistura de dacido benzdico e
naftaleno dissolvidos em diclorometano.

Maphthalene Benzoic acid
C
(o
a heulral compaund a carboylic acid

Dic hlarometha ne

an organic solvent
CHz2CI2 d=17325

(denser than waler)

Vocé quer separar esses dois
compostos. O que vocé
pode fazer?




U 5% NaOH or
g~ sal. NaHCOy

aq.

lutinn

Pode usar uma solucao aquosa de NaOH 5% ou uma
solucao saturada de NaHCO,, para extrair o acido
benzdico como uma forma de sal.



Fendis sao considerados acidos organicos fracos. Fenol, o
composto base da série, € parcialmente soluvel em agua (1 g ira
dissolver em 15 mL de agua), enquanto que fendis substituidos nao
0 sao. Uma solucao aquosa de bicarbonato de

sodio (NaHCO3),uma base fraca, nao ira desprotonar fendis para
torna-los idnicos, porque nao é suficientemente forte. No entanto, o
tratamento com NaOH, uma base forte, pode mudar a sua forma de

fenol (sal) ibnica.

Fhenol Fhenolake ion
OH S AT 0¥
Ma® OH
- + Mat + HO
 He O
R R

soluble N waker
zaturated

+ O
Ma”HCO; x No reaction
I Hs 0




Vamos tentar um outro exemplo de problema.

Aqui temos uma mistura de acido benzdico e p-metoxifenol, dissolvidos em
diclorometano.

Eenzoic acid fFMethoxyphenol
)
@GH rm;c::—@—::m
pka =42 rka=-~10

MED—@—DH

Vocé quer separar esses dois
compostos. O que vocé
pode fazer?



NaOH era muito forte a base, portanto, nao diferencia os
acidos organicos fortes e fracos. A utilizagao de uma base
inorganica fraca tal como NaHCO; ira diferenciar entre os
compostos

Acidos orgdnicos
fortes, tais como
acido benzdico,
seriam desprotonados

e ionizados, enquanto

o 0
@wj@ szp 3% @ﬁﬁ glm dcidos organicos
MeD aOH NaHCO3 g
eu—ilyn

CHa2Cl2

fracos, tais como
fenois, NAO seriam
CH2Cl2 desprotonados.




Organic Bases (amines) can be converted to their salt
form when treated with an aqueous solution of an inorganic
acid such as HCl (hydrochloric acid).

@
Recall that salts are ionic and generally soluble in water
but not soluble in water-immiscible organic solvents.

Amine (or aniline) AFMc Rl (or anilinium) ion
¥ - &
RsN: ol | RN-H | + CF
Dree-probenabed Fonm:
NOT IONIC lONIC

soluble inether nok soluble nether
nok soluble inwaker soluble in waksr




Let's try a third sample problem.
Here is a mixture of benzoic acid and p-chloroaniline, dissolved in

dichloromethane.

f+Chloroaniline EBenzoic acd
u|
GI—@—NHE IC;.[)‘EH
an amine a caboxylic add
You want to separate ,3|_@_NH
these two compounds. o

What will you do?

You may use an aqueous solution of
either 5% HCI, to extract the amine as
a salt form and benzoic acid has
remained in the organic layer




Pode-se separar quatro classes de compostos diferentes de uma mistura com
base nas suas diferencas de solubilidade especificas. As quatro classes
sdo:1.Aminas (base orgdnica) 2. Acidos Carboxilicos (dcidos fortes) 3. Fendis

(dcidos fracos) 4. Compostos Neutros.

5-Clibroaniling (aunine) mﬁaﬁ Click here (or “Next” sign)

. dil. HC H to go to next page
PN SIS T

Benzoic acid (strong, acid)
':u_‘f' extact

C.. O with dil.
©/ OH __ haHCO3
oH O Nat
Phenol iweak acid)
extract

oH
@/ oH with cil.
Maphthalene (neutral) layer R /@/ Ia*
R

m
layer

o
layer



After the separation of the mixture of four components, we will have four
solutions: each solution contains one component.

H r
oL T-ial | Pyton | | L e
R
Salt of Salt of Salt of Meutral compound
Amine carboxylic add phenol (NOT chemically
altered)

dissolved in dissolved in dissolved in dissolved in
dil. HC {ag) dlil. NaHC O3 (ag) dil. MaOH (ag) organic layer

The first three compounds are chemically altered, existing in their salt form
dissolved in aqueous solution. The fourth compound is not chemically altered,
but it is dissolved in an organic solvent.We now want to recover each compound
in its original state (/e., in the non-ionic form) to complete the experiment. We
call this step isolation or recovery.

Let's see, one by one, how to recover each compound obtained from the
separation process



Isolation (Recovery) of amines

An amine is a basic compound. It is protonated in the presence of excess HCI
forming a salt that is soluble in aqueous solution. This is how you separated the
amine from the original mixture containing it.

L Cr H . . . T

oA iy o~ iy o An amine is solub!e in acidic aqueous
/H,0 solution because it forms a salt, an

MOT soluble in soluble in lonic form'

afueous medium agueous mediurm

However, if you change the pH
of the solution to basic the

amine can no longer stay H _
: .. Y - MNa*OH y
dissolved because it is no longer o) or| MO | a— i ¢+ e

ionic! This process is called

basification. el AR NOT soluble in /MNaOH fag)
agueous medium
Basification is done by carefully H | H _
. addic basic Recovered amine
addlng concentrated NaOH medium medium as precipitate

solution to the solution containing
the amine salt until it becomes
basic.



" In the basification step, you use

concentrated NaOH solution to
minimize the volume of the final
solution. Recall that a dilute
solution of HCI was used to
extract the amine as its water-
soluble salt (see the picture on
the right side).

" Basification must be done

carefully, portion by portion, with
swirling each time because the
acid-base neutralization reaction
is exothermic.

" Check the pH of the solution to
ensure that it is basic. (~pH 10)

i v

A
6N NaOH
{conc.)
3.50mL
T1H HCI
solution
Cdilute)
20mL
T1TH NaOH
(dilute) x
20mL
a Final volume
oo large!




Isolation (Recovery) of Acids

There are two different groups of organic acids: carboxylic acids (strong acids) and
phenols (weak acids).In the separation procedure, acids were extracted using (weak or

strong) basic aqueous solutions

Both acids can be returned to the original form in the same

9 Na*OH  or 0
C. C..
@/ OH m,. ©/ o Mat
/H,0
MOT soluble in solublein
afueous rmediurm agueous mediurm

OH MatOH- o
_— n
; IH,0 ; =)
R R

MOT soluble in
afueous medium

solublein
agueous medium

Acidification is done by carefully adding
concentrated HCI solution until the mixture
becomes acidic,

When the weak base, NaHCO;, was the
extracting solution, CO, gas will evolve
during acidification.

e

fdil. MaQH or
MNaHC O3 (ag)

cr
@/ [a*

R
fdil. NaOH (ag)

hasic H

medium

H*Cr

o
_ = @/ ~OH ¢ MarCr

H*CI

manner! Organic acids are currently dissolved in a basic aqueous
solution, because the acid forms a salt, an ionic form. When you
make the aqueous solution acidic, the organic acids no longer
remain dissolved because they are no longer ionic and usually
precipitate out of solution. This process is called acidification.

MOT soluble in /HCI (ag)

agueous medium

OH
@’ + Mator
R

NOT soluble in e
agueous medium
Recovered acid
as precipitate
aridic (or oiling out)

medium



" The recovery of organic acids

requires acidification with
concentrated HCl solution. Recall
that in the extraction step for B

the separation of an organic acid - J
either dilute NaHCO; or NaOH 2L
was used. Concentrated HC| will
now help minimize the volume of { 6N HCI
the final aqueous solution (conc.)

3.5mL

TN NaOH |

" Acidification must be done solution

. ~ . (dilute)
carefully, portion by portion, with 5/

swirling each time because the N HC
acid-base neutralization reaction cdilute) x
is exothermic. ' 20mL

" Check the pH of the solution to -

ensure that it is acidic. (~pH 3) L Final volume
oo large!




Separatory Funnel Extraction Procedure

Separatory funnels are designed to facilitate the mixing of immiscible liquids

plastic and glass stoppers
o i

»

Teflon,
smaller

funnel
size




Separatory Funnel Extraction Procedure

1. Support the 2. Pour in liquid to 3. Add extraction 4. Add ground glass
separatory funnel ina be extracted solvent Stopper (well greased)
ring on a ringstand.

Make sure stopcock is

closed



Separatory Funnel Extraction Procedure
Shake the separatory funnel.

."-| .-'-'..
D vt

Then, point the stem up and slowly open the
stopcock to release excess pressure. Close the
stopcock. Repeat this procedure until only a small
amount of pressure is released when it is vented

Pick up the separatory
funnel with the stopper in
palce and the stopcock
closed, and rock it once
gently.



Separatory Funnel Extraction Procedure
Shake the separatory funnel vigorously.

Now, shake the funnel vigorously for a few seconds. Release
the pressure, then again shake vigorously. About 30 sec
total vigorous shaking is usually sufficient to allow solutes to
come to equilibrium between the two solvents.

Vent frequently to prevent pressure buildup,
which can cause the stopcock and perhaps
hazardous chemicals from blowing out. Take
special care when washing acidic solutions with
bicarbonate or carbonate since this produces a
large volume of CO, gas :




Separatory Funnel Extraction Procedure

Separate the layers.

&;ﬁ Llayers just

H peginning

to separate

Let the funnel rest While waiting, remove the Carefully open the stopcock and

undisturbed until the layers stopper and place a beaker allow the lower layer to drain

are clearly separated or flask under the sep into the flask. Drain just to the
funnel. point that the upper liguid

barely reaches the stopcock



