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 CONGEPTS OF INSTRUMENTAL ANALYTICAL CHEMISTRY ' w

1.4.4.1 Solvent Extraction

hafe‘;lvm:;cg:g is based on preferential solubility of an analyte in one of two immiscible
p . <3 tWo common situations that are encountered in analysis: extraction of an organic
a.nalyte m a solid phase, such as soil, into an organic solvent for subsequent analysis and extrac-
tion of an analyte from one liquid phase into a second immiscible liquid phase, such as extraction
of PC_Bs.fror'n water into an organic solvent for subsequent analysis.

qumd—llql.lld extraction is similar to what happens when you shake oil and vinegar together
for salad dressing. If you pour the oil and vinegar into a bottle carefully. you will have two separate
clear layers be'cause thf: oil and vinegar are not soluble in each other (they are immiscible). You shake
the bottle of oil and vinegar vigorously, and the “liquid” gets cloudy and you no longer see the two
SepATie phases. On standing, the two immiscible phases separate into clear liquids again. Our two
IM}SCII?IC solvents will be called solvent 1 and solvent 2. The analyte, which is a solute in solvent
2, will dlstrlbutf: itself between the two phases on vigorous shaking. After allowing the phases to
separate, the ratio of the concentration of analyte in the two phases is approximately a constant, Kp:
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and the concentrations of A, the analyte, are shown in solvent
ns that the analyte will be more soluble in solvent 1 than in

solvent 2. If the distribution coefficient is large enough, most of the analyte can be extracted quantita-
the analyte and the extracting solvent are

tively out of solvent 2 into solvent 1. The liquid containing

usually placed into a separatory funnel. shaken manually, and the desired liquid phase drawn off into
a separate container. The advantages of solvent extraction are (0 remove the analyte from a more com-
plex matrix, to extract the analyte into a solvent more compatible with the analytical instrument to
be used, and to preconcentrate the analyte. For example, organic analytes can be extracted from water
using solvents such as hexane. Typically. 1 L of water is extracted with 10-50 mL of hexane. Not only
is the analyte extracted, but it is also now more concentrated in the hexane than it was in the water.

The analyte percent extracted from solvent 2 into solvent 1 can be expressed as

' K, is called the distribution coefficient
1 and solvent 2. A large value of K, mea

A% 100 (L17)

%E = [ALV: +[AIV

-
%E is the percent of analyte extracte

is expressed in molarity
- V,and V; are the volumes of solvents 1 an

The percent extracted is also related o Kp:

d into solvent 1, the concentration of analyte in each solvent

d 2, respectively

100Xp (1.18)
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€ com-

mm can be increased by increasing the volume of solvent 1, but it is mor
relatively small volume of extracting solvent and repeat the extraction more than once.

are combined for analysis. Multiple small extractions are more

sl
S bl

action is used extensively in environmental analysis to extract and concentrate
is from aqueous samples. Examples include the extraction of pesticides. PCBs,
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Figure 1.7 ASE technique. (Courtesy of Dionex Corp., Sunnyvale, CA, www.dionex.com; © Thermo Fisher
Scientific (www.thermofisher.com). Used with permission.)

Table 1.13 Comparison of Soxhlet Extraction with ASE
Average Solvent Used  Average Extraction  Average Cost per

Extraction Method per Sample (mL) Time per Sample Sample (US §)

Manual Soxhlet 200-500 4-48h 27

Automated Soxhlet 50-100 1-4h 16

Accelerated solvent 15-40 12-18 min 14
extraction

Source: Courtesy of Dionex Corp., Sunnyvale, CA. www.dionex.com; © Thermo Fisher
Scientific (www.thermofisher.com). Used with permission.

: ison of Microwave-Assisted Extraction with Conventional
- Teble T et Extraction for Herbicides in Soil Samples

Volume of
ction Method Time (min) Solvent (mL) % Recovery
‘ 15 25 42-47
_— - 90 40 51-52
: » extraction 10 (90°C) 20 66-78

3 “hﬂh courtesy of Milestone Inc., Shelton, CT, www.milestonesci.com.

Mmple of improved performance from a microwave extraction system

on is shown in Table 1.14.

n&emofmpmiﬁcalﬂmdexmuon (SFE). A supercriti-
a temperature and and pressure above the critical point for the substance.

‘”MNMMMWGmmmm your

wuwwmm at www.appliedseparations.

' mmudmmm&empmseofme substance but
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The relatively high density (compared wiy, "
gas phase) of a supe ds to dissolve I'lt?nVOIEQﬂe organic molecyje,
Carbon dioxide, CO,. has a critical temperature of 31.3°C and a crm‘cal pressure 'of 729 atm (see
diagram); this temperature and pressure are readily attainable, qaknng supercritical ‘Coz easy 1,
form. Supercritical CO, dissolves many organic compounds, so it can replace a variety of cop,.

for extraction. The advantages of yg;,,

mon solvents; supercritical CO, is used widely as a solvent ra .
supercritical CO, include its low toxicity, low cost, nonflammability, and ease of disposal. Op,

the extraction is complete and the pressure returns to atmospheric pressure, the carbon dioxig,
immediately changes to a gas and escapes from the opened extraction ve§sel. The pure extracteg =
analytes are left behind. Automated SFE instruments can extract multiple Sar'nples'at once g
temperatures up to 150°C and pressures up to 10,000 psi (psi, pounds per square inch, is not an §
unit; 14.70 psi = 1 atm). SFE instrument descriptions and applications_can be found' at a number of
company websites: Jasco, Inc. (Www.jascoinc.com); Supercritical Fluid Technolog:es: ln‘?, (Www,
supercriticalfluids.com); Biichi Corporation (www.mybuchi.com): and Newport Scientific, Inc,
(www.newport-scientific.com). SFE methods have been developed for extraction of analytes from
environmental, agricultural, food and beverage, polymer and pharmaceutical samples, among

not as dense and viscous as the liquid phase. Thi
ceritical fluid allows these flui

other matrices.
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1.4.4.2 Solid-Phase Extraction
In solid-phase extraction (SPE), the “extractant” is not an organic liquid but a solid-phase
material. Organic compounds are chemically bonded to a solid substrate such as silica beads of

polymer beads. The bonded organic layer interacts wit ion and
extracts them from the sample solution as it is poured throug
The excess solution is allowed to drain away, and interfering compoun ‘
ant bed with a solution that does not remove the target analytes. The extracted organic analytes '~”‘:
then eluted from the solid-phase extractant by passing a suitable organic solvent through the h““"
The interactions that cause the analytes to be extracted are those intermolecular attractive forc
you learned about in general chemistry: van der Waals attractions, dipole-dipole interactions. 4™

electrostatic attractions.

The types of organic compounds ely. They "
be hydrophobic nonpolar molecules such as Cy pu!ﬂf
functional groups such as cyano (—C=N), amine (—NH,), and hydroxyl (—OH)

h organic analytes in the sample solut
h a bed or disk of the solid extractant:
ds are washed off the extract

that can be bonded to a solid substrate vary wid

and C,; hydrocarbon chains, chains with highly P°
groups and Wit
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Figure 1.8 (a) Commercial plastic syringe-type cartridges and (b) schematic of sorbent packing. (Permission
to rgpnnt from Avantor Performance Materials, Inc., Center Valley, PA, formerly known as
Mallinckrodt Baker, Inc., www.avantormaterials.com.)

ionizable groups like sulfonic acid anions (—SOj) and carboxylic acid anions (—CO5), to extract a
wide variety of analytes. The term sorbent is used for the solid-phase extractant. Commercial SPE
cartridges have the sorbent packed into a polymer syringe body or disposable polymer pipette tip.
Figure 1.8a shows commercial plastic syringe-type cartridges with a variety of sorbents, including
several of those just mentioned, while Figure 1.8b shows a schematic of how the sorbent is packed
and held in the cartridge. These are used only once, preventing cross-contamination of samples and
allowing the cleanup of extremely small sample volumes (down to 1 pL), such as those encountered
in clinical chemistry samples. Specialized sorbents have been developed for the preparation of
urine, blood, and plasma samples for drugs of abuse, for example. Automated SPE systems that can
process hundreds of samples simultaneously are now in use in the pharmaceutical and biotechnol-
ogy industries.

SPE is used widely for the cleanup and concentration of analytes for analysis using LC, HPLC,
and LC-MS, discussed in Chapter 13. As you will see, the phases used in HPLC for the separation of
compounds are in many cases identical to the bonded solid-phase extractants described here. Detailed
examples and application notes are available from a number of SPE equipment suppliers: Avantor

Performance Materials, Inc. (www.avantormaterials.com), Supelco (Www.sigma-aldrich.com/supelco),

Phenomenex (www.phenomenex.com), and Biichi Corporation (www.mybuchi.com) are a few of the

companies that supply these products.

1.4.4.3 QUEChERS

termination of pesticide residues in fruits,

A very important analytical method is the de .
hod used to require complex extrac-

vegetables, and processed foods such as cereal. The met
tion and cleanup of samples prior to HPLC and MS analysis. In 2003, US Department of

Agriculture scientists (Anastassiades et al.) developed a simplified method for food samples,
called QUEChERS (pronounced “ketchers” or “catchers”), which stands for quick, easy, cheap,
effective, rugged, and safe. QuEChERS has now been applied to food samples, dietary sup-
Plements, and other matrices for pesticides, veterinary drugs, and other compounds and is
recognized as a sample preparation method in AOAC and European standards. The QUEChERS
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Figure 1.9 (a) A commercial SPME unit with (b) the coated fiber and inserted into a sample vial. (Reprinted
with permission of Supelco, Bellefonte, PA, www.sigma-aldrich.com.)

Figure 110 Schematic of the SPME process. (Reprinted with permission of Supelco, Bellefonte, PA,
: www.sigma-aldrich.com.)

ﬁhm conditions are controlled carefully. SPME sampling and desorption can be used
for ive Mmﬁmﬁw analyses. Quantitative analysis using external calibration, internal
d calibration, and the method of standard additions (MSA) are all possible with SPME.
is discussed in Section 1.5.2 and at greater length in Chapter 2.

sling is used for a wide variety of analytes, including environmental pollutants,

, samples (e.g.. used to identify tobacco species), explosives, and chemical
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Figure 112 An SPME-l-;PLc interface. (Reprinted with permission of Supelco,

Bellefonte, PA. www.sigm®
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