LC Techniques

» LC covers a wide range of analytes and interactions

— Very similar instrument
Increasing polarity
com ponents " ‘Water-insoluble . Water-soluble

Nonpolar : Tonke

Nonionic polar

— All have liquid mobile phase
¢ solution of analyte in a solvent 1¢*

¢ equilibrium occurs between
solvent in mobile phase and 10
solid stationary phase

Malecular weight
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(Cel permeation) (Gel filtration)
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Figure 28-1 Appl of liquid ¢ grag {From D, L. Sawrnders, in
Chromatography, 3rd ed, E. Heftreann, Ed,, p. 81. New York: Van Nostrand Reinhold, 1975,
With permission.}
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Bandshapes in LC

» Subject to the same general broadening considerations as any
chromatography technique
— Multipaths
— Longitudinal

— Mass Transfer i
so Fell

* Particle size plays a major role ; “r :

1w

Houm

|
i
| Figure 282 Effect of parsicle
| sz of packing and flow rate
s upon plase heyght ¥ in liquid
chromatography. Codumn di-
menssons: M om % L4 mm.
Sotute: N N-dlethyl-n-aminos-
mobenzene. Mobile phase: mis-
tare of hexane, methylene chio-
— . ride, Boprogyl akoohal.  (eee B
i n iy T3 an PP ———
[Fep—— 1L, B2 With peresinsion |

» Extracolumn Broadening

e Sample Size Effects




LC Instruments

Salvent proportioning valve

T desscror
Critgma,

Iajector valve
Pigure 284 Schematic of an apparatus for HALC. - (Cour Cixporation, Norwlh, CT)

Solvent purification - Filtering/Degassing

Complexity of pumping system depends on sample requirements
— Isocratic elution

— Gradient Elution
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LC Pumps
Pump Requirements: a
— High pressure by e shock s -
— Pulse Free
— Variable flow rates e i
¢ ~0.1to 10 mL/min
— Reproducible flow rates (SIS $ 0 c';m i Vi aarite it
— Stable components et
_________ :u;tm\rm
Most common: Reciprocating
Pump
— Pulsed, but high pressure
capability
Figure 13.5 Operation of piston and check valve reciprocating pump: (a) suction stroke and

{b) exhaust stroke. (Katz et al., used with permission.)

Others:
— Syringe (displacement) pumps
¢ (+) Pulse free, (-) low volume, (-) low pressure, (-) single solvent
— Pneumatic Pumps
« (+) Pulse free, (-) no gradient capability, (-) low pressure




Sample Introduction

* Injection Loop...Autosampler
— Reproducibility!

Pump

Metering Device
“Syringe”

il fresion asd (0 pheso of mepostion ey iesin e P 1050 Autosampler

LC Columns

» Generally stainless steel a few mm in diameter and 10-
30 cm long

» Packed with two types of stationary phase support
— Pellicular particles

— Porous particles

* Column life is extended with the use of guard columns
— sacrificial
— packed similarly to analytical column




LC Detectors

¢ Same demands as GC detectors
— sensitivity, universally applicable, etc.

« No (truly) universal detectors exist!
— Bulk Property vs Solute Property:

Absorbance Detectors To waste
— Small volume cells
« but high concentration!
— Why Z-shaped?

Quartz
windows

— Often double-beam
— D, or filament sources

— Filter or monochromator-based

— Single or multi-channel detectors

To waste

— UV-Vis most common, but IR is also used Figure 28-9 Ultraviolet detector cell for HPLC.

LC Detectors

Fluorescence Detectors
— Similar optics, but collect light at 90° to excitation.

— Not universally applicable directly, but can be “tweaked”
« Chemical Derivatization
— Pre- vs. Post- column derivatization.

¢ Indirect Detection

Electrochemical Detectors T sifarvmes .

coupter electrodes and
— Most common type is amperometric detector

then 1o waste From colums
« Potential is applied to working electrode to
drive redox process

« Measured current is related to concentration Machined Kel-F <

— Applicable to a wide range of compounds e
and organic functional groups

— Sensitive, simple, cheap?
— Susceptible to electrode fouling

Goe o BB
7227207722

Mylas spacer
T Working electrode

lem

Fgure 28-13  Amperometric thin-layer detector cell for
HPLC.




LC Detectors

Refractive Index Detectors
— Monitors refractive index of the solution as it exits the column
Anything that changes the refractive index (like an analyte) will result in a peak
— More universal than most LC detectors (bulk property detector)
— BUT not as sensitive, highly susceptible to temperature fluctuation

Evaporative Light Scattering Detectors

— As sample leaves column, it is nebulized and solvent evaporated to produce
small particles of sample.

— Laser light is scattered off the particles.
* More analyte — More particles — More scatter
— Fairly universal and more sensitive than RI!

2. elsd.com

1. Nebulization

Evaporation 3. Detection
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LC Detectors

Mass Spectrometric Detectors:
— Interfacing challenges
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\ Figure 13.16  Diagram of onhogonal electrospeay LC-MS interface, { Adapted with permission
o Agilent Inc.)
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Figure 13.17  Diagram of atmospheric pressure chemical lankzation LC-MS interface, {Adspted
with permission froem Applisd Bicsystems/MDS Sciex. )




Separation Schemes: Combinations of
Mobile Phase/Analyte/Stationary Phase

Partition Chromatography

« Separation results from intermolecular interactions between analyte and

mobile/stationary phase

— Hydrophobic, dipole-dipole, H-bonding, ionic...

« Typically use bonded-phase packing
— Derivatized silica
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CHy CHy G
0 SooH o O-S-lCHICH = SO (CHyCH ¢ MOt ) S-0-S(CHCH
! CHy Fodn bt
— Hydrolyze silica in HCI L & oo
i) Si-OH + Si—(CHgyyCHy — S-07 [CHZCHy + 3HD | CHy
! %m R i !;--O-SG;ICHuinﬁ @ a-z—ﬁm,
— React silanol groups with o
i 171 S-0. . OH
derivatizing agents Tt 30y dion
-0 SHOH(CHa}7CHy I
— i CHy CHy
Remove unreacted silanol don s a-bim - dofby « wat
by endcapping i oy
* prevents unwanted (a} &)
adsorption/interaction Figure 13.1  Types of ODS-silica HPLC stationary phases: (a) i, synthesis of monomeric C18; i,
synthesis of polymeric C18; iii, endcapping process; and (b) i, monomeric CI8 ligand; ii, encapped
silanol; and iii, residual silanol, (Cazes, used with permission.}

Separation Schemes

Normal Phase versus Reverse Phase

¢ Controls elution order and (in part) separation quality

« Normal Phase: Polar stationary phase, less polar mobile phase

« Reverse Phase: Nonpolar stationary phase, more polar mobile phase

(a)
Normal-phase chromatography
Low polarity mobile phase

A AA

Time—

Medium polarity mobile phase

M

——Time—

(b)

Reversed—phase chromatography
High polarity mobile phase

AAA

—— Time—

Medium polarity mobile phase

AYBYC

Solute polarities: A > B> C

Time—

Figure 28-14 The relationship between polarity and elution times for nor-
mal-phase and reversed-phase chromatography.
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Separation Schemes

* Most modern separations are done using reverse-phase column
— spherical particles coated with alkane chains

« varying chain lengths Pk senicuion
changes polarity oo

« Behavesmuchlikea ooy
“liquid” hydrocarbon coating PP o e

Ladatatatbilollol 2 Lilsicigtalsl
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Tisse. min

Figure 2818 Eifect of chain lergth on performance of reversed-phaoe siloxane
columm packed wth S particles. Moblle phase: 50050 methanol/wates. Plow rate: 1.0
mbemin,

« Possible to manipulate the quality of the separation (N, k, o) by changing
solvent composition OR by modifying analyte characteristics

— Derivatization
« change polarity
« change sensitivity
« change selectivity

— lon-Pairing
« lon-pair is retained on column
¢ Anions - Tetraalkylammonium salts

¢ Chiral Separations: “Chiral” stationary phase
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Separation Schemes

Adsorption Chromatography:
« Direct interaction between analyte and solid stationary phase (silica, alumina)
« Normal phase-like separation

— Nonpolar mobile phase

Size-Exclusion Chromatography:
« Separation is a result of “trapping” of molecules in the pores of the packing material
— Very large molecules can't get into the pores - unretained

— Very small molecules get hung up in to pores for a long time - most retained - longest
retention time

*  Separation is based exclusively on size (shape)
— No physical interaction occurs (ideally)

— Use “inert” stationary phases
« silica, polymer beads

« Pore size determines range of analytes that can be separated
— If two different analytes are too large to fit in the pores, they will co-elute
¢ Exclusion limit

— If two analytes are small enough to freely move into the pores, they will also co-elute
« Permeation limit

« Resultis rapid separation, long column life, but need range of sizes (molecular weights)
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Separation Schemes

lon Exchange Chromatography:
¢ Use ionic stationary phase

— ions separated on the basis of their tendency to displace counterions adsorbed
on stationary phase

« Depends on charge, hydration, “solubility”... —ﬂ'—tﬂa—CH—cH:—T—
» Anionic sulfonated styrene/divinylbenzene sow [ 1] @so.-w
stationary phases: Typically H* is counterion — oo — e — ot —cn—

— used for cation separation

SRR

e Cationic stationary phases are

? e M C e CHy e CH ——CHy—— CH——CH;—
usually quaternary amines N
. .. 505 S07H
Detection in ion chromatography = @ @
« Conductivity seems like a good idea! et ar e 1 whic the S5 roup b epced by OO H-, |

—NH0H", and —N(CHy);OH" groups.

— BUT large background
— Minimize background by using suppressor column
* post-separation process
« Converts eluent (not analyte) ions into neutrals
— typically an acid-base reaction...results in low background conductivity
« Cation Separations: H* + CI + Resin*OH- — Resin*Cl- + H,0
« Anion Separation: HCO; + Na* + Resin'H* — Resin'Na* + H,CO4

¢ Other modes work, too
— Photometric
« Direct or Indirect




