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® 1) Purification (st o=l&)
® 2) Isolation ((CluS i (o) 4ty 5 jlulas)
® 3)ClassiFication (SluS i (sl adula)
® 4) Preconcentration (s Giw)
® 5) Solvent Exchang (Ja Jals b (e sad)

® 6) Matrix Removal (<8l aas)




® 1) Purification (s g=l®):
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® 2) Isolation (S 5 (o) ahua 5 jlulas)
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® 3)ClassiFication (OloS 5 gow aib)
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® 4) Preconcentration (dalss i)
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® Preconcentration Factor (PF) (ladss s ,5550)

> PF = C./Ci=V1/V;

< Exm:

100ml O/5ppm CiVi= GV,
—

2ml ! ppm C.=25ppm

PF=100 ml/2ml =50




® 5) Solvent Exchang (M= Jols b & g2)
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® 6) Matrix Removal (csb i)
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SEPARATION INVOLDING PHASE
CHANGE

® Volatilization (,.s3)
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Carbon (inorganic)

Carbonates (except the alkali metals)
Carbonates and bicarbonates + strong acid (HCI)
Cyanides + strong acid (H,SO,)

Sulfur
Sulfites and bisulfites + strong acid (HCIO,)
Acid soluble sulfides + strong acid (HCIO,)

Nitrogen
Nitrates and nitrites + strong acid (H,SO,, HCIO,
NH," + strong base (KOH)

Fluorine
F + strong acid (H,SO,, HCIO,)
F + Si + H,SO,
F + B + HCIO,

Boron
H,BO, + HF + HCIO,
H,BO, + CH,0H + HCI

————

————— ->

-

————>

m————>

..-.---)

---==->(CHj;);BO;

MO + CO,
CO,
HCN

SO,
H,S

NO,
NH,

HF
SiF, + H,SiF,
BF,

BF,
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Figure 1-2. Knorr alkalimeter for the
determination of CO,.

C = | | e g |
CO, (Ew. =44) + 2 NaOH —-—> Na,CO, + H,0 (f:w. = 18).
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Figure 1-3. Apparatus for flameless atomic absorption analysis.
(Countesy - Official Methods of Analysis, 16th Ed., 1, chapter 9, p. 20, 1995,
Arlington, VA)
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Hg"™ + SnCl, ----- -> SnCl, + Hg (volatile)
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NaBH4

! )
L 1
N N 2
d \ F Figure 1-4. Hydride generator. (1) Polyethylene tubing; (2) rubber stopper;
I\ (3) flame-sealed polyethylene tubing with holes punched in one end; (4)
; reagent cup; (5) sodium borohydride solution; (6) sample solution; (7)
‘ nitrogen inlet.
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The hydrogen can be generated either by adding acid to Zn metal or the newer method of using a sodium borohyd
solution. The borohydride is preferred because it is easier to handle, and the reaction appears to go better.
AS D, As VZ i )SZS

’ + n U 2 4 —————> ASH) ge mo,.
Se', Se' + Zn + H,SO, -—--- > H,Se + ZnSO,
or
As”, As”® + NaBH(NaOH) + HCl --—-—-—> AsH, + Na,BO; +?

Se™, Se*® + NaBH,(NaOH) + HCl - ——-—~> H,Se + Na,BO, +?
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Normal Freezing

C=kC,(1 -g) !

where C = solute concentration in the solid; €, = original average concentration of the solute; g = fraction
of the original solution; k = distnbution coefficient; C,./ Ce > 1 if solute rises that is frozen; the m.p of the
solvent; <1 if it lowers the m.p.
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Zone refining
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® Zone leveling:
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® Distillation : (yulads)
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Figure 3-5. Apparatus for a simple distillation.
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Figure 3-3. Diagrammatic form of a liquid surface.
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Figure 3-4. A plot of vapor pressure vs. tempcrature for water
and ethanol.
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Figure 3-1. The encrgy distribution of molecules
(approximate) at various temperatures (T,>T,.T,).
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Table 3-2. Relationship between the number of theoretical
w plates and the difference in boiling point for a good separation
9 SO (Courtesy- K. Wiberg- Laboratory Technigue in Organic Chemistry,
g =T = McGraw-Hill, NY, 1960)
3: TS (R . R4 Number of Difference in
1 plates b.p. °C
s I o " 0 215
1 108
2 72
3 54
4-— 43
5 36
10- 20
15 13
20 10
30 7
50 4
100 2

Figure 3-10. Composition changes
in a distillation column.
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Figure 3-6. Theoretical vapor pressure curve
at constant temperature.




Sl cuito Ul ol Sloy 4> @

o Al YL Ll e led (AB ol bglsw) LM 5l aw a5 Sloj
diloe ol 4B 5 Lo

Ngay ()1 laz )b )Lad plaS” ;0) 1S (oo bglee 1) gl 9 <l (539
o B 5 ol o B> 4 5095 pl ¢ 5 Caw o 4zl sla

izl 5 plaS So gz abas 5l 1S bl gz alas
A....... B>A...A A....B>B...B




Pressure

Mole Fraction

Figure 3-7. Actual vapor pressure curve at
constant temperature.
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Figure 3-8. A combined liquid-vapor curve.
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Figure 3-9. Boiling point - composition diagram for a mixture of
benzene and toluene at 760 torr pressure.
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Figure 3-11. The effect of the number of plates on a
separation of an equimolar mixture.
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Figure 3-12. Diagram of a
distillation column for total reflux.
(Courtesy - E'W. Berg, Physical and
Chemical Methods of Separation,
McGraw-Hill, New York, NY, 1963)
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Chemical Methods of Seporation,
McGrmw-Hil, New York, NY, 1963)




xD=yn = 0.990 —P ="
yn-1 = 0.982 —p Table 3-3. The number of plates required to get a 99 % mole
yn-2 = 095695 —P fraction separation depending upon the boiling point difference
yn-3 =0.948 —Pp between two liquids
yn-4 =0.914 —P
yn-S =0862 —P Boiling Point Difference Number of
yn-6 =079 —P °C Plates
yn-7 =0699 —P
yn-8 =0594 —P
w 8-12 25
5-10 45
3-5 80
Figure 3-14. The plate - mole fraction 2 150

distribution for the example calculation.
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Figure 3-19. Various types of
stearn  baths. Left: Multiple
port, water heater attached.
Right: Single port, vanable
SI1ZC, rEQUIres steam source.
(Courtesy - Fisher Scientific Co.,
Pittsburgh, PA)

Figure 3-17. Various
types of  heating
mantles.

(Courtesy - Ace Glass Co.,
Vineland, NJ)

Figure 3-20. An air- or water-dniven magnetic

stirrer.
(Courtesy - G F S Chemical Co., Columbus, OH)
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Figure 3-23. Diagram illustrating the principle of a metal
Figure 3-22. Several distilling columns shown from left mesh spinning band column.
to right: Hemple. Vigreux. Snyder. Perforated plate. (Courtesy - R.W. Yost, Distillation Primer, American Laboratory,
(Courtesy - Ace Glass Co., Vineland, NJ) lan., 1974)




Figure 3-27. Condensers:
(A) West. (B) Liebig. (C)
Allibn. (D) Coiled. (E)
Graham. (F) Friedrichs.
(Courtesy - Ace Glass Co.,
Vineland, NJ)
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AZEOTROIC AND EXTRACTIVE
DISTILLATION
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Temperature

Constant pressure

Liquid

Mole fraction 1.0

Figure 4-2. A minimum boiling point azeotrope.




Temperature

Mole fraction

1.0

Figure 4-3. A maximum boiling point azeotrope.




Table 4-1. Some binary azeotropic systems containing water

A component B component B.P°C B.P.°C Weight % A
Water 100

Trichlorocthylene 86.4 73.6 54
2-Chloroethanol 128.7 97.8 57.7
lodoethane 70. 66. 35
Mecthylallylamine 78.7 78.4 4.1
Nitrobenzene 211. 98.6 88.
Buty! vinyl ether 938 76.7 1.5
Diisopropylamine 84. 74.1 9.2
Triethylamine 89.4 75. 10.
Styrene 145. 93.

m-Xylene 139. 92. 358
Butyl ether 142.6 929 28.
Ethyl hexyl ether 143, 92.9 29.




Table 4-2. Some binary system azeotropes (weight %; b.p. °C)

A Component Weight % B.P. B Component Weight % B.P. B.P. Azeotrope
Ethanol 53. 783 1,3-Butadiene 47. -4.5 74.5
Nitromethane 56.5 1011 Dioxane 43.5 101.3 100.5
Methanol 223 64.7 2-Methylfuran 77.7 63.1 S1.5
Acetic acid 304 118.5 3-Picoline 69.6 144, 152.5
Acetamide 23. 221.2 Camphor 77. 209.1 199.8
Acetone 6l. 56.3 2-Propanol 39. 9.0 54.2
2-Butanone 30. 79.0 Buty| nitrite 70. 78.2 76.7
Ethyl acetate 71. 772 Butyl nitrite 29. 78.2 76.2
Butyl amine 60. 77.8 Cyclohexane 40. 80.7 76.5
Pyridine 45. 115.5 3-Pentanol 55. 116.0 1174
Cyclohexanone 65. 156.7 Cumene 35. 152.8 152.




Table 4-3. Some ternary azeotropic systems

Weight % B.P.°C
A B C A B C

HBr Water Chlorobenzene 10.4 11.0 78.6 105.
HF Water Ethanol 30. 10. 60). 103.
Water CCl, t-Butanol 3. 85. 11.9 64.7
Water CHCI, Acetone 40. 57.6 384 60.4
Waler Formic acid m-Xylene 10.6 404 49. 97.5
Water Trichlorocthylene Acetonitrile 6.4 73.1 20.5 67.
Water Acetonitrile Benzene 82 233 68.5 66.
Water Ethanol Ethyl chloroacetate 17.5 61.7 20.8 81.3
Water Ethanol Acetal 1.4 27.6 61.0 77.8
Water Ethanol Triethylamine 9, i3. 78. 74.7
Water Propanol Ethoxypropoxymethane 17.6 29 59.6 83.8
Water Butanol Buty| chloroacetate 418 50.3 79 93.1
Water 2-Butanol Isobuty| chloroacetate 33.6 53.1 13.3 90.2
Water [soamyl alcohol Isoamy! chloroacetate 46.2 473 6.5 95.4
CHCl, Methanol Acetone 47. 23. 30. 57.5
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100

Acetone in vapor, mole %
2

e 147 paa ~
o 50psn
o 100 pua
* 250 psm =
* 500 pus
Figure 4-5. Vapor-liquid equilibria for the acetone- .
waler system at several pressures.
(Courtesy - R.E. Kirk and D.F. Othmer, Encyclopedia of
Chemical Technology, Vol. 3, John Wilcy & Sons, NY 0 g wola
1980) 0 50 100

Acetone in liquid, mole %
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Figure 5-1. A steam distillation
apparatus.
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Figure 5-2. Vapor pressure-
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Figure 5-3. Types of
traps uscd to collect
walter: (A) Dean-
Stark. (B) Bidwecll-
Sterling. (C) Barrett.
(D) Solvent heavier
than water.

(Courtesy - Ace Glass
Co., Vineland, NJ)
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Figure 54. Apparatus for an immiscible solvent
distillation.
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§ Table 6-1. Boiling point changes with
§ pressure for m-nitrotoluene
't
2 Pressure, torr  (kPa)  B.P.°C
3
&
760 101.3 2319
0| 100 133 156.9
Tenperature Increcsirg 40 5.3 130.7
20 2.66 112.6
10 1.33 96.0

Figure 6-1. Changes in boiling point differences with 5 0.67 81.0
reduced pressure. ! 0.133 502
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EXTRACTION: GENERAL CONCEPTS
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EXTRACTION: £/ 5!
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Liquid- liquid extraction (LLE)
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® Extraction Requirements
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®Complex formation: ( wSdews Jusid)
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® Ion pairing: (e z9))
- MTA" Ion Pair >>> Extraction to Org solvent.
Dgud (o oolaiwl cuis 995).» S )‘ (R804_) aq C‘)M‘ LS‘)'.‘ .

+ (Phs As™ Cl” Yorg+(Re04™ ) ag — (Pha As™ ReO4 )
org‘l‘Claq_

ZnCl13? +2(C(HsCH, ), NH*Y —Xee_,

FeCl,[(C,H;),0],~.(C,H,),0:H*




® Mixed mechanism:( oS 5 pwsKo)
ion pairing + complexation
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® Micelle formation:(lub ;| oolaul)
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® Sufactant

Hydrophilic polar head
(water-attracting)

<~ Hydrophobic polar tail
(water-repelling)

Surfactant Surfactant-stabilised oil droplet

&N
=

Hydrophilic (water-loving) head »

Hydrophobic (water-hating) tasl

water
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An example of micelles in polar solvent (Water, in this case)

Aqueou
solutior

. Hydrophiiic head

Organic solvent
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DISTRIBUTION OF THE
EXTRACTABLE SPECLES

2 gl g 45 29595 @

H

S Slaess Sas glal s ) v

> Solvating ability _&e > obls

» Dielectric Constanet  Saies s




Jol Pl 69, pge P 51V 7

5L ol SLalS owiad gl Sl AigF Clild 45 58y 993y ol b il
A aolem l asiei o ol 4 S cel 6,50 ;0 Pl oS D>




® Electrostatic bonds:

- These bonds involve electrostatic forces, such as those
between two ions, an ion and a dipole, or two dipoles.
The ratio of the cation (rc)to the anion (ra) is called the
radius ratio. As the ratio of the cation to anion
decreases below 1, the lattice energy remains about the
same at first and then decreases rapidly. Because the
sum of the magnitudes of the solvation energies of the
gaseous ions rise steadily (smaller r), a salt will tend to
be more soluble as its radius ratio becomes smaller

than 1.
;
—i B I
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® H-bonds:

- Generally, the solubility of a substance in water or
alcohol 1s governed more by the ability of the
substance to form H bonds than by its "polarity" as
measured by dipole moment.

® Chemical bonds:

- Chemical bonds include acid-base interactions. Iz,
extracts Into mesitylene > xylene > benzene because of
pi bonds and sigma bonds.

1%. &
¢
‘vat




® Synergism:

- If the effect of two components in a mixture is greater
than the sum of each component individually, the effect
Is called synergism. For example: One solvent extracts
a certain amount of a compound, and another solvent
extracts a certain amount. But a mixture of the solvents
may cause a 102 to 10° increase. Synergism is very
Important with tributylphosphate extractions.




PERCENT EXTRACTION:

Equation 9-4 is used to calculate the percent of a compound
that can be extracted if the D and the volume of each phase are

known.

100 D (9-4)

% Extraction =
D+ V)V,

where: V,_ = volume of water layer (lower). V, =

1000 ¢
volume of organic layer (upper).

100 ¢

. Figure 9-3 shows how the percent

extraction varies with the distribution
ratio. Notice that this is a log plot on the
Y axis.
0001 0 — o The effect of varying the amount of
extraction solvent is presented in the
igpre St Apintoh Dk s cxtinsticn following example calculation.

01%

0.01
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B is not completely extracted, Both are almost completely extracted, and
but it'is-scpamﬁng from A. no separation takes place. Even after a dozen
After three or four extractions, it - . extractions, little separation will take place.
will be fairly well separated.




® BATCH EXTRACTIONS:

V "
X = A “'
2DV, + V

W

« A:amount of solute originally present.
« X:amount not extracted (Reminded) .
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EXAMPLE CALCULATION ~ =~ 7 == rnre
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® TECHNIQUES:

The simplest type of extraction vessel is a separatory funnel,
several types are shown in Figure 9-4. They are usually either
cylindrical (A), globe shaped (B), or pear shaped (C, D). They
may have either glass or plastic stoppers and stopcocks and may
have a standard taper joint at the bottom. They usually are made of
borosilicate glass, but the wine red colored "low actinic™ also can
be obtained for use with light-sensitive compounds.

Figure 9-4. Various types of
separatory funnels. (A) Cylindrical.
(B) Globe. (C) Pear. (D) Standard
taper bottom.

{Courtesy - Ace Glass Co., Vineland, NJ)




The more common sizes can be obtained made from plastic (usually
polypropylene). The usual capacities are from 30 mL to 2 L. Figure 9-
5, p. 101, shows the proper way to hold a separatory funnel.

Separatory funnels should be rinsed with the extracting solvent
before use.

The funnel should be inverted by rotating your wrist. Vigorous
shaking is not necessary to attain equilibrium and, in fact, may
cause the formation of an emulsion, which will delay the final
separation.

When two immiscible liquids are mixed, there is still a small
amount of each liquid that dissolves in the other, and the heat of
solution that may develop can cause a pressure buildup. Figure
9-5 shows how this is vented safely.




Figure 9-5. Separatory

funnel venting technique.
(Courtesy - R.J. Oullette, C.A.
Bonn, J.S. Swenton, S.
Marcus, Introductory
Experimental Chemistry,
Harper & Row, New York,
1975)




® EXTRACTION TECHNIQUES:

2 Choice of solvent:
a.  Watch the density. Large density differences are desired.

b.  Because of cost, toxicity, flammability, or density you
may want to mix solvents.

Q Stripping:

= Removal of the extracted solute from the organic layer is called
stripping. It occurs if D < 1. Add a few mL of water to hold the
solute and then evaporate off the solvent. You may need to add
H2S04 or HCIO4, to remove the organic solvent in the water layer
by evaporation. If the solvent is nonvolatile (boils higher than

water), shake with strong acid solution to destroy the chelate, and
the metal will go into the aqueous layer.




Q Backwashing:

= Backwashing is used with batch extractions. The
combined phases of several extractions are washed to
remove impurities. Because the D of the impurities Is
usually much less than that of the metal extracted, this
removes impurities much the same as reprecipitation.
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a Emulsions:

= Emulsion formation depends on viscosity, density
difference, and drop size. To prevent, reduce, or
break emulsions refer to Chapter 5, p. 51.




Invert the layers slowly; do not shake vigorously.

Use centrifugation for small volumes. It is the best
and fastest way.

Use mixed solvents.

Add neutral salts, which increase the density and
change the surface tension.

Use only a small amount of water with a large
amount of organic solvent.

Filter through a porous substance.

Filter through phase separation paper (silicone
treated).




® Use of masking and sequestering agents:

A masking agent forms a complex (no rings) with the material to
be extracted; a sequestering agent forms a chelate. Masking agents
are charged complexes that do not extract. (See Chapter 40.)

A. Several cation masking agents that are used include: CN-, tartrate,
citrate, F-, EDTA, SCN-, S203?". These are generally used with
chelate extractions, because the more acidic pH's used with ion
association systems will not allow the association to form.

> Al + Fe + oxine __, Fe(CN)s* and does not interfere.
CN', KOH

» Ni+ Co + Dimethylglyoxime
Add CN-, then H202, Ni(CN)42",Co(CNye*

The Ni complex is destroyed by H20, or formaldehyde, but the Co complex is not.




B. For anion masking, EDTA forms anionic chelates/complexes with

quite a number of metal ions, including the alkaline earths. F-
interferes with UO2*2 extractions and can be removed by adding B or

Al to mask the fluoride.
« Salting-out agents:

a.  Use ammonium salts, if possible, because these can be removed
from the aqueous layer for work later on

b. Al and Fe salts are strong salting-out agents because of their
high charge, but they are difficult to remove.

c. As charge increases, the salting-out effect increases, probably
because more solvent molecules are involved.




© CONCENTRATORS:

When trace quantities of materials are extracted, it is necessary to
evaporate most of the solvent to concentrate the desired compound
for further analysis. This can be difficult to do without losing the
desired compound as well. The two most common ways of
removing large volumes of solvent without appreciable loss of the
desired compound are a Kuderna-Danish concentrator and a rotary
evaporator. The former is preferred for low-boiling solvents (<
100 °C, acetonitrile, acetone, methylene chloride), and the latter
for higher-boiling solvents. A Kuderna-Danish concentrator is
shown in Figure 9-6.

g
§
¥

<O 0 Lo

3 M...,‘ Figure 9-6. A Kuderna-Danish
flask .
joint ¢ concentrator.

Semple Collects Here N (Courtesy - Ace Glass Co., Vineland, NJ)




® EXTRACTION P-VALUES:

- This technigue was developed primarily to help identify
pesticides in foods. There iIs no reason why it could not be
extended to other compounds found in foods or even other
materials.

- Sometimes, the gas chromatographic retention times of two
or more materials are so close that an identification is
difficult, even if two different columns have been used. A
thin layer chromatography separation (Chapter 22) then can
be used, but this generally requires a lengthy cleanup and
concentration because of the small (nanogram) samples
Involved. A much quicker method is the use of P-values.
This method is based on the distribution of the pesticides
between two immiscible phases.




- The procedure of Beroza and Bowman, Anal. Chem. 37, 291,

1965, which follows, shows how it is done. Assume a hexane-
acetonitrile system. A 5.0 mL aliquot of the upper phase
containing a given pesticide is analyzed by gas-liquid
chromatography. To a second 5.0 mL aliquot in a graduated, glass-
stoppered, 10.0 mL centrifuge tube is added an equal volume of
lower phase, the tube is shaken for about 1 minute, and the upper
phase is analyzed exactly like the first 5.0 mL aliquot. The ratio of
the quantitative results of the second analysis to those of the first
(peak areas or heights) is the P-value. This is the amount of the
pesticide in the upper phase (second analysis) divided by the total
amount of pesticide (first analysis). Table 9-1, p. 104, shows how
valuable this can be; 0,0'-DDT and TDE have identical retention
times.




- Aliquots of the equilibrated phases are measured with
volumetric pipets, and the phase volume is noted
before and after equilibration. Emulsions are separated
by centrifugation. After the distribution, the upper
phase iIs passed through a 2.5 cm layer of anhydrous
Na2S0s, to dry the solvent.

- The P-value is quite reproducible (+0.02), providing
the two phases are saturated with each other before
distribution. Table 9-2 shows P-values of several
Insecticides (Beroza and Bowman).




Table 9-1.  P-values of two insecticides having indistinguishable retention times
TDE = tetrachlorodiphenylethane)

Extraction Systems
Hexane Isooctane
Cyclohexane 90% Dimethy| 80% Dimethyl
Compound Methanol Sulfoxide Formamide
0,0'-DDT 0.6! 0.55 0.44

TDE 0.37 0.08 0.16




Table 9-2. P-values of several insecticides

Isooctane
Hexane 85 % Aq. Di- Isooctane
Hexane 90 % Aq. Di- methyl Dimethyl
Pesticide Acetonitrile methy! Sulfoxide Formamide Formamide

Aldrin 0.73 0.89 0.86 0.38
Carbophenothion 0.21 0.35 0.27 0.04
Gamma Chlordane 0.40 0.45 0.48 0.14
p.p'-DDE 0.56 0.73 0.65 0.16
0.0-DDT 0.45 0.53 0.42 0.10
p.p'-DDT 0.38 0.40 0.36 0.08
Dieldrin 0.33 0.45 0.46 0.12
Endosulfan | 0.39 0.55 0.52 0.16
Endosulfan 11 0.13 0.09 0.14 0.06
Endrin 0.35 0.52 0.51 0.15
Heptachlor 0.55 0.77 0.73 0.21
Heptachlor epoxide 0.29 0.35 0.39 0.10
I-Hydroxychlordane 0.07 0.03 0.06 0.03
Lindane 0.02 0.09 0.14 0.05
TDE 0.17 0.08 0.15 0.04

Telodrin 0.48 0.65 0.63 0.17







CONTINUOUS EXTRACTION

SOLVENT HEAVIER THAN WATER

® PRINCIPLES:

- Many materials have such low distribution ratios that
neither separatory funnels nor the older, no longer
commercially available, Craig apparatus are practical
to use. What is needed is a continuous extraction with
an apparatus that can be left unattended for long
periods of time. Several different approaches are
described in this chapter. To have a high efficiency in a
continuous extraction, the following factors are
beneficial:




a.  Alarge surface area of contact between the two phases.
b.  Along contact time.

A high relative volume of extractant to solvent.

Ahigh D

o

o

» With low D's, a large volume of extracting solvent is
needed. However, it can be the same solvent used over and
over, if it Is evaporated from the extract between uses. A 50
mL sample may have 50 mL of extraction solvent initially
employed for an actual ratio of 1:1. If however, the solvent
Is redistilled and reused 20 times, then the relative volume is
1,000 to 50 or a 20:1 ratio. A high D is desirable, but if you
had a high D, then a continuous extraction probably would
not be necessary.




® Continuous Extractor Efficiencies

- The efficiency of continuous extractors is
measured by the half extraction volume,
determined as shown In Figure 10-1, p. 108. This
IS the volume of extracting solvent required to
reduce the amount of the desired compound in the
sample to one-half of its original concentration. A
distribution factor, k, can be used to evaluate
Individual systems.

0693 W

k 7 (10-1)

Concentration of solute in the extracting solvent
where k =

Concentration of solute in the onginal solution

W = the original solution volume and ¥ = the half extraction volume.




@ Although k often is close to D, k is seldom equal
to D because the extraction conditions for
continuous extractions are not as easily defined or
controlled as with a single extraction system, and
In many cases, true equilibrium is not attained. k
more often approaches D when D IS smaII
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Figure 10-1. Diagram showing
how the half extraction volume is
determined.




TECHNIQUE

® Commercial Extractors:

» Atrue continuous extraction requires that fresh solvent
continuously flow through the sample and that fresh
sample be continuously flowing in the opposite
direction. If the system is designed properly, the
compound of interest will be completely extracted from
the sample just as the sample reaches the end of the
apparatus, and the extracting solvent will be saturated
with the extracted compound when it reaches the end of
the apparatus. Several such continuous countercurrent
extractors are shown in Figure 10-2.
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- e e
Packed column Pertorated—plate column

Figure 10-2. Continuous
countercurrent extractors -
unagitated.

(Courtesy - R.E. Kirk and D.F,
Othmer, Encyclopedia of Chemical
Technology, John Wiley & Sons,
New York, NY, 1980)




® Laboratory-size Extractors:
2 With low D's, a large volume of extracting solvent
IS needed. However, it can be the same solvent

used over and over. A typical laboratory-scale
extractor for use with solvents heavier than water

IS shown In Figure 10-4.




Figure 10-4. A continuous solvent-
heavier-than-water extractor.




SOLVENT LIGHTER THAN WATER

THE SOXHLET EXTRACTOR
® PRINCIPLES:

2 In ancient times, water was used to remove alkalies (KOH,
NaOH) from wood ashes, a process known as lixiviation. Later
on, the process for partially dissolving a solid material to
remove a desired component was called leaching, a term still
used by industry. Chemists prefer the term liquid-solid
extraction to distinguish the process from liquid-liquid
extraction.

0 The major difficulties with a liquid-solid extraction were that
the distribution ratios of the desired products were low; the
process was slow; and large amounts of solvent were required,
which then had to be removed. What was desired was an
apparatus that could (1) hold finely divided solid particles so a
large surface area could be exposed, (2)




2 continuously pass solvent over those particles, and (3)
somehow use a small amount of solvent over and over.

2 The most convenient laboratory-size apparatus for
liquid-solid extraction in the one developed by Franz
Ritter von Soxhlet (socks-let), a German agricultural
chemist (1848-1926). This is shown in Figure 10-10.

2 This apparatus can be made in several sizes from 125
to 5000 mL. It is commercially available, costing from
$100 to $800 for a complete glass portion of the
apparatus/

2 The apparatus consists of a heating device (A) and a
solvent reservoir and extract flask (B), which will be a
round-bottomed flask if a heating mantle is used, or a
flat-bottomed Florence flask if a hot plate is used to
supply the heat. The heating mantle's temperature is
controlled by a variable transformer (C). An extraction
chamber (D) is placed on top of B and contains a
porous paper extraction thimble (E)




Figure 10-16. A Soxhlict cxtractor.
(Countesy - Ace Glass Co,, Vincland |, NJ)




0 Figure 10-11. Porous ceramic extraction thimbles are also
available. The sample (F) is placed inside of the thimble and
covered with a small amount of glass wool (G) to spread out the
extraction solvent and reduce channeling during the extraction. A
condenser, usually an Allihn type (H), is connected to the top of
the extraction chamber.When the solvent is heated, it will go up
the side arm (1), be condensed, and drop onto the sample. When
the solvent level reaches (J), the solvent and the materials it has
extracted then will siphon back into (A), leaving a few milliliters
at the bottom of (D). The process then repeats itself. The solvent is
distilled from the extracted material, so fresh solvent is always
dripping onto the sample. After each cycle, the extract becomes a
little more concentrated in the flask.

Figure 10-11. Extraction thimbles.
(Courtesy - Ace Glass Co., Vineland, NJ)




TECHNIQUES

Never fill the reservoir flask more than two-thirds full at
the start. The expansion and boiling can cause spillover
problems.

Place a plug of glass wool over the top of the sample after
It has been placed in the thimble. This spreads out the
dripping solvent for a more uniform extraction and also
prevents some samples from floating.

Do the ether evaporation in a hood, so the dense ether
fumes are drawn away from the hot plate. Rarely if high
concentrations of the fumes come in contact with the
heating colls, a fire may start. Have a fire extinguisher
handy - just in case.
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MICROWAVE-ASSISTED EXTRACTION

® PRINCIPLES:
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Figure 10-14, A CEM Co. model MES 1000 microwave

extraction unit.
(Courtesy - CEM Co., Mathews, NC)







SOLID PHASE EXTRACTION(SPE)
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® Batch SPE:
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® Magnetic Solid Phase Extraction:
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Retain Compounds of Interest and Let impurities Pass through Tube

T

® Cormaminants

0 Compounds of
gt Interest

X

Elute
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Retain Impurities and Let Compounds of Interes! Pass through Tube

Figure 12-1. A summary of the
solid phase extraction process.
(Courtesy - Supelco, Inc., Bellefonte,
PA)
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Table 12-1. Solid phase extraction phases and recommended uses
(Courtesy - Supelco, Inc., Bellefonte, PA)

Tube Polarity Classification of
Group Tube Type Phase Compound for Extraction

LC-8 Octyl-bonded silica
LC-18 Octadecyl-bonded silica

| LC-Ph Phenyl-bonded silica Nonpolar to moderately polar
LC-CN Cyanopropy I-bonded silica compounds
LC-CN
LC-Si Silica gel (no phase)

2 LC-Diol Diol-bonded silica
LC-Florisil Magnesium silicate Polar compounds
LLC-NH,

Aminopropy|-bonded silica
LC-CN Carbohydrates, cations
LLC-NH, Carbohydrates, weak anions,
organic acids

LC-SCX Sulfonic acid-bonded silica Strong cations, organic bases

3 (strong cation exchanger)
LC-SAX Quaternary amine-bonded silica Strong anions, organic acids

(strong anion exchanger)

LC-WCX Weak cation exchanger Weak cations

(proprictary)
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SOLID PHASE
MICROEXTRACTION

(SPME)




Who Dior SPME?

Solid Phase Microextraction was invented in 1990 by Dr. Janusz

Pawliszyn and his colleagues from the University of Waterloo in
Canada.

He invented this technique to “address the need for a fast,
solvent-free, and field compatible sample preparation method”,
which faster and more efficient is the name of the game in
industry.
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