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where
V.(A) = retention volume for solute A
V.(B) = retention volume for solute B
w(A) =bandwidth (units of volume) measured at base
for solute A
w(B) = bandwidths (units of volume) measured at base
for solute B
Resolution also is expressed in terms of time, with V,(A) and
V,(B) being replaced with retention times t,(A) and t,(B),
and w(A) and w(B) being expressed in units of time.
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Figure 3-1. Shifts of elution times by changing the
elution strength of the mobile phase.
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Table 6-2 Some Biochemically Useful lon Exchangers

Name® Type Ionizable Group Remarks
DEAE-cellulose Weakly basic Diethylaminoethyl Used to separate acidic
—CH:CH:N(C:sHs) and neutral proteins
CM-cellulose Weakly acidic Carboxymethyl Used to separate basic and
—CH,COOH neutral proteins
P-cellulose Strongly and weakly Phosphate Dibasic; binds basic proteins
acidic —0OPO,H, strongly
Bio-Rex 70 Weakly acidic, Carboxylic acid Used to separate basic
polystyrene-based —COOH proteins and amines
DEAE-Sephadex Weakly basic cross- Diethylaminoethyl Combined chromatography
linked dextran el —CH,CH,N(C;Hs)- and gel filtration of acidic

SP-Sepharose

Strongly acidic cross-
linked agarose gel

Methyl sulfonate
—CH,S0:H

and neutral proteins

Combined chromatography
and gel filtration of basic
proteins

"Sephadex and Sepharose are products of GE Healthcare; Bio-Rex resins are products of BioRad Laboratories.
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Name" Type Fractionation Range (kD)
Sephadex G-10 Dextran 0.05-0.7
Sephadex G-25 Dextran 1-5
Sephadex G-50 Dextran 1-30
Sephadex G-100 Dextran 4-150
Sephadex G-200 Dextran 5-600
Sephacryl 5-100 Dextran, cross-linked 1-100
Sephacryl 5-200 Dextran, cross-linked 5-250
Sephacryl §-300 Dextran, cross-linked 4-150
Sephacryl 5-400 Dextran, cross-linked 20-8000
Bio-Gel P-2 Polyacrylamide 0.1-18
Bio-Gel P-6 Polyacrylamide 1-6
Bio-Gel P-10 Polyacrylamide 1.5-20
Bio-Gel P-30 Polyacrylamide 25-40
Bio-Gel P-100 Polyacrylamide 5-100
Sepharose 6B Agarose 10-4,000
Sepharose 4B Agarose 60-20,000
Sepharose 2B Agarose 70-40,000

“Sephadex, Sephacryl. and Sepharose are products of GE Healthcare: Bio-Gel gels are products of BioRad

Laboratories.
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Type of
Detector Principle of Operation Selectivity Limit of Detection Comments
Thermal Measures thermal conductivity Universal <400 pg propane/mL
conductance change in carrier gas on elution He
(TCD) of compounds
Flame ionization ~CHNO + heat - CHNO' + ¢7; Hydrocarbon 10 to 100pg CHO
(FID) electrons collected for detection
Thermionic Alkali bead selectively ionizes N, P 0.4 to 10pgN
selective N- or P-containing compounds 0.1 to 1.0pgP
(TSD; NPD)
Electron capture e +R+ N, = Re + N, +e¢7; Electronegative  0.05 to 1.0 pgCI”
(ECD) excess electrons collected; groups containing
concentration inversely related compounds
Mass e +ABC — A" + BC; monitor Universal 1 ng scan Provides structural
spectrometer mass-to-charge ratio by either (tunable) 10pg SIM confirmation; ion
(MS) scanning or single-ion ratios constant in
monitoring (SIM) SIM
Photoionization =~ CHNO + photon — CHNO" + Hydrocarbon 1 to 10pg CHO May be
(PID) ¢’; detect electron improvement
Electrolytic Postcolumn reaction detector for Halogen-, S-, 0.1 to 1.0pgCl on FID
conductivity selective detection of halogen-, and N- 2.0pg$S
(Hall) S-, or N-containing compounds containing 4.0pgN
compounds
Flame P- and S-containing hydrocarbons  P- and S- 0.9pg CHP
photometric emit light when burned in containing 20pg CHS
(FPD) FID-type flame; emitted light compounds
detected
Fourier Infrared wavelength light absorbed  Universal 1 ng strong infrared Scanned for
transform by the compound of interest (tunable) absorber structural
infrared information or
(FTIR) absorbance-
measured for
quantitation

NPD, Nitrogen-phosphorus detector.

b Giwlaz gl p (S5 gileg,s 5 5o eoliiwl 090 culi sl

Composition

Polarity Similar Phases  Applications
100% dimethyl-polysiloxane Nonpolar OV-1, SE-30 Drugs, amino acid derivatives
5% diphenyl—95% dimethyl-polysiloxane ~ Nonpolar OV-101, SP-2100  Drugs
50% diphenyl—50% dimethyl-polysiloxane Intermediate ~OV-17 Drugs, steroids, glycols
50% cyanopropylmethyl—50% Intermediate ~ OV-225 Fatty acid methyl esters, carbohydrate
phenylmethyl-polysiloxane derivatives
Polyethylene glycol Polar Carbowax 20 M Acids, alcohols, glycols, ketones
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Fig. 1.3 Schematic diagram of an HPLC unit. 1 =solvent reservoir; 2 =transfer
line with frit; 3=pump (with manometer); 4=sample injection; 5=column
(with thermostat); 6 = detector; 7 =waste; 8 = data acquisition.
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TABLE 6-3 Types of Columns Used in HPLC

Column Column ID  Optimum
Terminology (mm) Flow Volume
Standard 4.6 1.25mL/min
4.0 1.0 mL/min
Narrow bore 3.0 0.6 mL/min
2.0 200 pL/min
Microbore/capillary 1.0 50 uL/min
0.5 12uL/min
0.3 4uL/min

HPLC, High-performance liquid chromatography; ID, internal diameter.

HPLC &) o g ‘50‘)!95 Lgl.b Cygoms )’| @'Ub 4 god

Stainless steel
PEEK

Packing material

pg. 18 TH-YVIYA ol oMo 659 gmeil 9 (b i i3l




@drjafarnezhad

HPLC 5 oolawl 8590 g 955G gl

Type of Range of Detection
Detector Principle of Operation Application  Limit Comments
UV photometer Measures absorbance of Selective <lng Analyte must absorb UV light or
(fixed wavelength) UV light be derivatized
UV photometer Measures absorbance of Selective <lng Detector can be “tuned” to a
(variable UV light specific wavelength
wavelength)
Diode array Measures absorbance of light  Selective <lng Detector provides complete
spectra
Fluorometer Measures fluorescence Very selective  pg to ng Analyte must fluoresce or be
derivatized
Refractometer Measures change in refractive  Universal lug
index
Electrochemical Electrochemically measures Selective pg to ng Detector is useful for

UV, Ultraviolet.

oxidized/reduced analyte

catecholamines

ol 50 Sy 3B oS 5 (Sl Sgnl cdl> 0w o Jes Gradient g Isocratic cJl> g ,0 HPLC

alie sl oloy b Ll L olaS 5 s5lolaz 5 5 oslu sl 55lolaz 6l Ygans Sl cnl il (oo (3L ol 31,5 5ileg S

ol selas Pl cppaiz 5l oad sslel bgle Ky by Jsilio ,elss s Pl Ky S8 5550 o5 oo 56 555 o ol

0,8 oo Dygo Sl Sepl byl co HPLC le gjlulas 25T 050 ygiw o)ls 5 oo oS 5 aseien Coud b P>

651 50 Gialesl Jgb 5o S ymie 5 oS 5l cpl 10 05l (oo eolitul sazs slo giluloz slp Lol S gadid
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Sample loop injector
Ages g 03, (o0 diges o) INJECt MOAE J0 .05 o 0)l5 3Vg8 gl J3Is 4 yauadl JLid o aiges fill position o

D3 (o0 i D)l 5 9,5 (oo B S ke S by s 5

From pump

Sample in

Loop filling Transfer to column

weSxe 5 L HPLC
i (S (53,5 bitas) chlisis sl JSC5 5 slal o e J5 31 Jodite sl J3,5 Jels ool 360 31,5 5bes S g5 ol 5o
G 6]y Wigas slizl il sl WSS ax ,a il oad fate kil 4 C18 4 C8 (C4 (3 Lulis i )5s 000 clowilSy o5
CI8 sl oygiw 5l (22 50 Jslome slo craling 5 o aialasal dag)lo (gilulaz o asile (oo (Bb G J51s 5 SY5b
Ui yiigisl b gt el ot 5 ook glo Dl 5l g oo axslis ODS L RP-18 (gl b oo a5 5 oo ool
OFw 3 5 g diged 5 orbaB it syl gl i S yote 51 JT Pl soys 4z e 0gd e eslitel S yoxte 51 lgin

gl o 7z,

f,-/—"’/

Silica
particle c18 bonding

groups

Figure of a HPLC column
packed with bonded silica
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Inject

reverse-phase HPLC luugi gl adls aw (S0 il ais glag,lo (g3lwlos

Column: C18, 3y, 0.46 x 10 cm
Eluent: Isocratic, 0.025 M phosphate
Buffer: pH 3.0 in 25% acetonitrile
Flow rate: 2 mL/min

Detection: 215 nm, 0.1 AUFS

Compounds: 1. Doxepin
2. Desipramine
3. Imipramine
4. Nortriptyline
5. Amitriptyline
Chromatogram from an HPLC reversed-phase
separation of tricyclic antidepressants with the use of a UV
photometer detector set at 215nm. Signal is displayed at 0.1

ultraviolet; AUFS, absorbance units full scale.

AUFS. HPLC, high-performance liquid chromatography; UV,

o
%‘ Unretained components

L aiuol vl g 3Lwlas 4o reverse-phase HPLC ;! oslisw!
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Boronate affinity chromatography

Dy oo oolatul Sl sle olBiole;l ;o ATC oelSgen Jlabe s sl (g, ool ;)

Hb—NH—?m Hb—NH—?m
C=0 ?=0
H—é—OH H—?—OH
I
P 2H,0 — 6 =H
HO‘B/OH HO—C —H /,2 HO‘B/O
i ;
@\ e\
OH HO—?—H o—?—H
H-N H-N
CH,OH
Immobilized Glycated Boronic acid-glycated
boronic acid hemoglobin hemoglobin complex

8 Sl S 2 23y sl Shled 23 Wisd oo gyl s 3 Al 5sSS 0 sle (raslSsen a0

03....4 <* o.bl.u.».w‘ Jj.»...»)}m )l Ua‘“‘“ )‘ Q] uo; C)L‘> 9 HbAlC 69‘“‘““"‘“‘"‘" 6‘;» ‘/

(glycated hemoglobin)  ymselS god cyuis 4lo WS STy

HO ) |
I
H—C-OH H-C H-C-H
| Amadori |
{%@ -3 HO—C—H — H- C OH ———» C=0
Rearrangement |
H—C—OH HO—CI‘— HO—Cl’—H
H- ? ~OH H—CI‘—OH H—(lf—OH
. ) H-C-OH H-C-OH
(Hemoglobin) A I |
CH,0OH CH,OH
(Glucose)
(Schiff base) (HbA)
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HPLC o b ol cdalé puss
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70 pg/mL

40 pg/mL

Detector response

2 4 6 8 0 2 4 6 8
Time (minutes)

Concentration
ool S, 31 Sl ke 5 g oo arg Ul asedio I L il sle sl (U515 o Jslinl L) (L5 (yand oS o
S Ceoluo b glay )l o 51 (g loged 09 oo Lol by aigad g il 8, slo Jalome plod 4y (JL5Is o laibinl olgiey Dglaie
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