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•UV/VIS

•Refractive index 

•Fluorescence

•Electrochemical 

•Conductivity 

•Mass-spectrometric (LC/MS) 

•Evaporative light scattering

The Detector is the “Eye” of the HPLC SystemThe Detector is the “Eye” of the HPLC System
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Beer's LawBeer's Law

Reduce Pathlength Reduce Concentration

Absorbance = Extinction Coefficient x  Pathlength x Concentration

UV ChromophoresUV Chromophores

UV ChromophoresUV Chromophores UVUV--Vis chromophoresVis chromophores

λλλλmax                          Em x 10-3 @ λλλλmax

Adenine 260.5 E = 13.4

Guanine 275 E = 8.1

Cytosine 267 E = 6.1

Thymine 264.5 E = 7.9

Uracil 259.5 E = 8.2

NADH 340 E = 6.23

NAD 260 E = 18
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UV spectrum of UV spectrum of 10 10 nM mobile phasenM mobile phase
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Sodium PhosphateFormic Acid

Acetic Acid

U.V. CutU.V. Cut--offs for some Common Solventsoffs for some Common Solvents

SolventSolvent UV CutoffUV Cutoff SolventSolvent       UV CutoffUV Cutoff

WaterWater 180180 N-HeptaneN-Heptane 197197
MethanolMethanol 205205 CyclohexaneCyclohexane 200200
N-PropanolN-Propanol 205205 Carbon tetrachlorideCarbon tetrachloride 265265
AcetonitrileAcetonitrile 190190 ChloroformChloroform 245245
THFTHF 225225 BenzeneBenzene 280280
AcetoneAcetone 330330 TolueneToluene 285285
Methyl acetateMethyl acetate 260260 Methylene chlorideMethylene chloride 232232
Ethyl AcetateEthyl Acetate 260260 TetrachloroethyleneTetrachloroethylene 280280
NitromethaneNitromethane 380380 1,2-Dichloroethane1,2-Dichloroethane 225225

All wavelengths reported in nm.All wavelengths reported in nm.

Remember Solvents chosen can affect detection!!Remember Solvents chosen can affect detection!!

UV Detection of AccQUV Detection of AccQ--Tag Amino Acid DerivativesTag Amino Acid Derivatives
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Extraction of Extraction of 33D DataD Data

Time

A
b

s
o

rb
a

n
c
e

Chromatogram

λλλλ1

λλλλ2

Wavelength

A
b

s
o

rb
a
n

c
e Spectrum

PDA Spectrum Index PlotPDA Spectrum Index Plot
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Coelution of Coelution of 2 2 PeaksPeaks

A
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A
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Coelution detection at a 
single wavelength

Coelution is the sum of 
absorbance of  2 peaks 
A and B

Peak Purity MeasurementPeak Purity Measurement
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Maximum Impurity DetectionMaximum Impurity Detection
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Hexaldehyde 2,5-Dimethylbenzaldehyde

Coelution of DNPH 
Hexaldehyde and 

2,5-Dimethylbenzaldehyde

Determination of Peak PurityDetermination of Peak Purity
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T im e
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Peak Purity analyzes all spectra (minimum 

15) within a peak against the apex spectrum  

of the peak itself.

Peak PurityPeak Purity Spectral MatchingSpectral Matching

Spectral match of apex spectrum of the 

unknown against the apex spectrum of a 

standard, stored in a user’s library.
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Spectral Contrast Spectral Contrast 00..5 5 DegreesDegrees
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CH2 difference

Spectral Contrast can 
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spectra

Spectra of nonSpectra of non--UV Active CompoundsUV Active Compounds
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DetectorsDetectors

UV/VISUV/VIS

Refractive index Refractive index 

FluorescenceFluorescence

Electrochemical Electrochemical 

Conductivity Conductivity 

MassMass--spectrometric (LC/MS) spectrometric (LC/MS) 

Evaporative light scatteringEvaporative light scattering

Refractive Index DetectorRefractive Index Detector
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Refractive Index DetectorRefractive Index Detector
Differential Refractive Index DetectorDifferential Refractive Index Detector

LAMP

S
LED

R

R

S

To Amplifier

No sample = n

With sample = n+∆ν∆ν∆ν∆ν

∆∆∆∆X = Const x ∆∆∆∆n

What affects RI?What affects RI?

• Temperature

– Temperature must be stable 

– Pressure free of pulses from solvent delivery

– Changes in atmospheric pressure

• Composition

– Vacuum Degassing, Cleanliness from Particulates

– Thermal Stability & Warm-up is system dependent based on variables such as 

column heater type & de-gasser

– Qualifying Conditions will vary between LC pumps!

Sugar Analysis Sugar Analysis 
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Polymer AnalysisPolymer Analysis
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1=Tristearin

2=Myristic acid

Styragel HR 0.5, 
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dRI sensitivity = 
32X, 32°C
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Refractive index Refractive index 

FluorescenceFluorescence

Electrochemical Electrochemical 

Conductivity Conductivity 

MassMass--spectrometric (LC/MS) spectrometric (LC/MS) 

Evaporative light scatteringEvaporative light scattering

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

Fluorescence ProcessFluorescence Process

Excitation

Emission

Energy Levels

Ground State

Excited States
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ExcitationExcitation--Emission SpectraEmission Spectra

λλλλ Maximum of 

Excitation Spectrum 
λλλλ Maximum of 

Emission Spectrum 

Stoke’s λ shift

Lifetime= 10-9 – 10-15 sec

Fluorescence DetectorsFluorescence Detectors

Excitation filter

LAMP

Cell

Emission filter

Photomultiplier

Fluorescence Detector Optical BenchFluorescence Detector Optical Bench

Photomultiplier 
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UV vs Fluorescence SensitivityUV vs Fluorescence Sensitivity
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DetectorsDetectors

UV/VISUV/VIS

Refractive index Refractive index 

FluorescenceFluorescence

Electrochemical Electrochemical 

Conductivity Conductivity 

MassMass--spectrometric (LC/MS) spectrometric (LC/MS) 

Evaporative light scatteringEvaporative light scattering

Electrochemical DetectorElectrochemical Detector

Reference Electrode

Working Electrode

Electrolyte (mobile phase)

Auxiliary Electrode

Analyte is oxidized or reduced

+ -

As compounds are oxidized or reduced, 
a current proportional to concentration is produced.

Electrochemical Detector (ECD)Electrochemical Detector (ECD)

• “Destructive”-detection mode

• Sample electrochemically 

modified in the cell 

– generation of current detected as 

response.

• Sensitivity 

– picogram (10-12 grams) to high 

femtogram (10-15 grams)

• Selection of buffer, electrode and 

voltage important 

Oxidation Reduction

Phenolic Ketones

Oximes Aldehydes

Dihydroxy Oximes

Mercaptans Conjugated acids

Peroxides Conjugated esters

Hydroperoxides Conjugated unsaturation

Aromatic Amines, diamines Activated halogens

Purines Aromatic halogens

Heterocyclic Rings Nitro compounds

Heterocyclic rings

Electrochemical Detection of Catecholamines & Related Compounds Electrochemical Detection of Catecholamines & Related Compounds 

1.  Norepinepherine 150 ppb

2.  Epinepherine 200 ppb

3.  Normetanepherine     50 ppb

4.  Dopamine 200 ppb

5.  Metanepherine 200 ppb

6.  3-Methoxytyramine 75 ppb

7.  4-Methoxytyramine 500 ppb

2.00 4.00  6.00 8.00 10.00 12.00

Minutes

0.00

nAmps

1 2

3

4
5

6

7



Detection in HPLC- Implementation

11Dr. Shula Levin, Medtechnica

Pulsed Amperometric Detection of MonosaccharidesPulsed Amperometric Detection of Monosaccharides

1.  Fucose

2.  Galactosamine

3.  Glucosamine

4.  Galactose

5.  Glucose

6.  Mannose

20.00
Minutes5.00
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DetectorsDetectors

UV/VISUV/VIS

Refractive index Refractive index 

FluorescenceFluorescence

Electrochemical Electrochemical 

Conductivity Conductivity 

MassMass--spectrometric (LC/MS) spectrometric (LC/MS) 

Evaporative light scatteringEvaporative light scattering

Conductivity DetectorConductivity Detector

M ob ile  p h ase

M o b ile  p hase p lu s sam p le

++ --

Conductivity EquationsConductivity Equations

Ohm’s Law
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Conductivity DetectorConductivity Detector

Mobile phase

Mobile phase plus sample

Anion Analysis by ICAnion Analysis by IC
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1.  Fluoride

2.  Chloride

3.  Nitrite

4.  Bromide

5.  Nitrate

6.  Phosphate

7.  Sulfate
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Column:

Eluent:

Flow rate:

Injection vol.:

Detection:

Waters IC-Pak Anion HC

Borate/Gluconate

2.0 mL/min

100 µL

Direct Conductivity

Anion analysis by ICAnion analysis by IC
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Eluent:

Flow rate:

Injection vol.:

Waters IC-Pak Anion HR

1.2 mM Sodium Carbonate/

1.2 mM Sodium Bicarbonate

1.0 mL/min

50 µL

Detection: Direct Conductivity after 

Suppression

Detection: UV (PDA) at 214 nm

1.  Fluoride

2.  Chloride

3.  Nitrite

4.  Bromide

5.  Nitrate

6.  Phosphate

7.  Sulfate

 1 ppm

2 ppm

4 ppm

4 ppm

4 ppm

6 ppm

4 ppm

ApplicationsApplications

Sensitivities for compounds such as phenol, catecholamines, 
nitrosamines, and organic acids are in the picomole (nanogram) 
range. 

The mobile phase must be made electrically conductive, usually 
by the addition of a suitable salt: 

Ion Exchange

Reversed Phase and Ion-Pair RP

No normal phase separations 
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Choosing a Detector for HPLCChoosing a Detector for HPLC
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DetectorsDetectors

UV/VISUV/VIS

Refractive index Refractive index 

FluorescenceFluorescence

Electrochemical Electrochemical 

Conductivity Conductivity 

MassMass--spectrometric (LC/MS) spectrometric (LC/MS) 

Evaporative light scatteringEvaporative light scattering

Evaporative Light Scattering Evaporative Light Scattering -- ELSELS

Nebulization
Desolvation

Detection
To detector cell

Nebulizer

Lamp

Rayleigh Scattering Rayleigh Scattering –– Why the Sky is blueWhy the Sky is blue

• Scattering is independent of the particle’s chemical properties, where:

– N = # of particles

– αααα = Polarizability i.e. the sum of the dipoles of all the molecules in the particle. 
For a homogeneous particle this is proportional to the particle volume. 

– R = Distance of observer from scatterer 

– Dependence on wavelength of incident light, shorter wavelengths produce 
greater scattering

λ4R2

I = I0 8 π4 Nα2 (1 +cos2θ)
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Scattering ModelsScattering Models

If D/λ< 0.1
then I = f (D6)

0.1<D/λ< 10
then I = f (D4)

D/λ>10
then I = f (D2)

I = Intensity of the scattered light
λ = wavelength of the light

Scattering is dependent on particle size “D”  Increasing 
particle size

D αααα C1/3 

(Often see solute density)

I  α (Cb)

With 2>b>2/3
2 is the limiting value for Rayleigh 

symmetrical scattering

Depends on which type of scattering is 
predominant

�Non-linear mass detector

�use chromatography data software 
quadratic curve or log/log curve to fit 
calibration curve

ELSD vs UVELSD vs UV

ELSD vs RIELSD vs RI ELSD Used with Other DetectorsELSD Used with Other Detectors

ELSD to monitor all 

compounds and determine 

purity levels

Diode Array TIC

Min

ES+TIC

ELSD

2
4.5 7

Diode array TIC

PDA to monitor UV/Vis 
friendly compounds

Mass Spec to verify that 
compound has been 
synthesized
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Not a Universal DetectorNot a Universal Detector
Typically Used with Other DetectorsTypically Used with Other Detectors

UV TIC

MS ES+ TIC

ELSD

Erythromycins Separation

Min1 3 5

ELSD

Diode Array 

TIC

See NonSee Non--UV Absorbing CompoundsUV Absorbing Compounds

See Your Peaks FasterSee Your Peaks Faster
Use of Gradients Versus IsocraticUse of Gradients Versus Isocratic

RI Detection

ELSD Detection

Estrogen analogues and salt
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Evaporative LightEvaporative Light--scattering Detectorscattering Detector


