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Detectors

= UV/Vis
¢ Fixed wavelength
¢ Variable wavelength
¢ Diode array

= Refractive index

= Fluorescence

— Electrochemical

= Conductivity
— Mass-spectrometric (LC/MS)
= Evaporative light scattering

Dr. Shulamit Levin,

Medtechnica

Beer's Law

Absorbance = Extinction Coefficientx
Pathlengthx Concentration

Only for monochromatic light

Ll

Reduce Pathlength Reduce Concentration
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Detection in HPLC

Beer's Law Single Wavelength UV Detector
Absorbance = Extinction Coefficientx Pathlengthx Concentration Optical Light Path = = = == =cm——o
Wavelength
| | E E Aperture Plate Wavelength
Filter
—/L Mercury, Zinc
orCadmium I M | e e e ] Dual
A B Source Lampd] Reference side Photodiode
Extinction Coefficient
T=solvent I A= AU %T T B [N SN S——— ) .
o\° -solvent/sample % log(solventisample) A 100 1.000 D Sample side
@ £ 10 10 0.100
§ § 20 1 0.010 Flow Cell
2 k=] £ 30 0.1 0.001
£ S
2 8 £
g ~ |5+
Concentration - Concentration —#

UV Detection of AccQ-Tag Amino

UV-VIS Detector Optical Bench Acid Derivatives

Opticaj nght Path [T e R e T e B e e SampleName: Cult Std Vigl: 1 Inj: 1 Ch: 486 Type: Standard
Taper-Cell
Flow 0.024
Cell 0.022
Beam Splitter :
Mirrors 0.020 o4 2
oual 2 g =
" ual 0.018 £ g
\ Reference side ! Photodiode 8 5
. . 0.016 o £ H
Sample side a
\ P AU 0,014 ] £ §
3 4
N 0.012 - % .‘ %
“ Beam-Defining 0.010 < < Hé =
Apparatus £
0.008 8 2 © o
llumination  Aperture 0.006 2 g £, £
Lens Sit N, - 5 g 22 g
N 0,004 g Sg > 8
Deuterium . ° Rotating £ - 45
Arc Lamp =] -Iﬂ [ ] Diffraction 0.002 . T %
Grating 0.000 )
190 to 600nm,
15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

Minutes
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Detection in HPLC

Photo-DiodeArray Detector Optics

Principle of Measurement

Discharging
Diodes
800 nm

Holographic
Diffraction
Grating

190 nm

512
Element
Photodiode

Array
\ m
M1 /‘ L‘-_
Mirror —
4x J_l__
FLOWCELL Dz Lamp

M2
Mirror
2.hx

Absorbance

Extraction of 3D Data

Chromatogram

8
11
<}
12
e}
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Spectrum
Time
Wavelength

996 PDA Spectrum Index Plot
DNPH Derivatives 0.25 ng Each Peak

Millennium PDA Spectrum Index Plot - SampleWeight 0.25 ng - PDA 360.0 nm

440.00 3
42000
400.00 J
380.00
360.00
340.00
320.00
300.00
280.00

260.00 \

0.0006

0.0004 -

i A

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Minutes
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Codlution of 2 Peaks

» Coelution detection at a
single wavelength

L4EN
AR » Coelution is the sum of
/S absorbance of 2 peaks
'Y Y A and B
p \
d [y
14 s
/ \
/ “~
V4 .

Elution Time




Detection in HPLC

Spectrum Index Plot

inflection points
300.00 4 displayed

250.00 < Spectrum at

P Spectra at apex and

are

maximum impurity

is different
£00.00 -
0.40 4
Maximum
Impurity
020 4

e
\

0.00 T T T

2.60 2.80

AMinnitac

3.00

Good quality spectral
information isimportant for:

Purity verification Library identification

Standard Unknown

(] [
2 2
g g
< <
Time Time Time
» Peak Purity analyzes all spectra (minimum  »Matching compares the unknown
15) within a peak apex spectrum of the peak with a
» Apex spectrum is the reference spectrum reference spectrum in a library

Spectral Contrast 53 Degrees

Absorbance

Ethylparaben
EthylPaba

nm

200.00 240.00 280.00 320.00

» 53 degrees
is a large
spectral
difference

Spectral Contrast 10 Degrees

Theophylline

Dyphylline

» Similar spectra for
structurally related
compounds

Absorbance

230.00 250.00 270.00 290.00 310.00
nm
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Detection in HPLC

Absorbance

Spectral Contrast 0.5 Degrees

» \ery similar spectra,

Methylparaben .
Ethyiparaben CH2 difference

» Spectral Contrast can
differentiate these
spectra

200.00 240.00 280.00 320.00
nm

Very Similar Spectra

» Analyte and 2 impurities

» Spectra from 200 to 300 nm

210.00 230.00 250.00 270.00 290.00
nm

Detectors

.

= UV/Vis
¢ Fixed wavelength
¢ Variable wavelength
* Diode array

| =Refractive index |
= Fluorescence
— Electrochemical

|
= Conductivity
— Mass-spectrometric (LC/MS)
= Evaporative light scattering

Light travels more slowly in matter, air at one atmosphere will cause light to slow down. The

ratio of the speed of light in a vacuum to the speed of light in a material is the Refractive Index,

nma ;

nmat = Speed of Light In Vacuum/ Speed of Light in Material

R Low - Index
> material ny
R
8y € Normal
1
3l
©,80°
PV APk I
v
RS
*

High - Index =
T

matarial i,
bl
o2
If light traveling in a medium with a refractive index of n1 strikes the surface of a
material with a refractive index of n2 at an angle of F 1 to the normal the light direction

in the second material is given by F 2 in the equation:

SnellLow: nlsin F1=n2sinF2

Dr. Shulamit Levin, Medtechnica
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Detection in HPLC

Differential Refractive Index Detector

!
5

No sample = n

y

;

LAMP

With sample = n+Dn
LED or To Amplifier
Incandescent Seccce

3

DX = Constx Dn

mV

-100.00 3
12000 4

Refractive Index Detection with
Differential RI - Sugars

SampleName: Sugars D Vial: 1 Inj: 1 Ch: SATIN Type: Standard

120,00 3 Fructose

10000 3 Dextrose Sucrose
80.00 H
60.00 g
40.00 Malmse Lacmse
20.00 H

0.00 H
-20.00 5
-40.00 3

-60.00 3
-80.00 3

-140.00 J Bagel Extract
-160.00

5.00 600 7.00 8.00 9.00 10.00
Minutes

Refractive Index Detection with
Differential RI - Sugars

SampleName: Sugar Stds -500 ng each Ch: 410 Type: Standard

0.0000004
Sucrose
Dextrose
Fructose
del
RIU
0.0000002
00000000
5.00 550 6.00 650 7.00 7.50 8.00 850 9.00

Minutes
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Refractive Index Detection with
Differential RI - Polymers

SampleName: GPC STDS

5570

800.00 §
750.00
700.00
650.00
600.00
550.00
500.00
450.00
400.00
350.00
300.00
250.00
200.00

190000
96400
10300

890000
1260000

;

150.00 192300

100.00 Jﬁ_‘_‘_‘_
50.00 Dow 1683

0.00

18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes
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Detection in HPLC

o Detectors
Sensitivity
Waters 410 Refractive Index Detector . _
= UV/N\is
> 250 nd on column ¢ Fixed wavelength
1=Tris?ea,m * Variable wavelength
+ 2 2=Myristic acid * Diode array
= Refractive index
» Styragel HR 0.5,
4.6 x 300 mm, | =Fluorescence |
35°C, 0.35 mL/min — Electrochemical
a
’gg(fggfg ity = = Conductivity
= = Mass-spectrometric (LC/MS)
o 5.0 6.0 7.0 8.0 . . .
z Minutes — Evaporative light scattering
Fluorescence Detectors Fluorescence vs. UV Detection
AVRQ
Excitation filter AccQ-Tag amino acid
analysis
LAMP

»Fluorescence
Excitation=250 nm
Emission=395 nm

»>UV 254 nm
Photomultiplier

Short pass - transmits all wavelengths below a specified cutoff
Long pass - transmits all wavelengths above a specified cutoff
Band pass - blocks all wavelengths outside a specified band

Emission filter

Response

20.00 40.00 60.00
Minutes
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Detection in HPLC

Detectors

]
=UV/Vis
* Fixed wavelength
¢ Variable wavelength
¢ Diode array
= Refractive index
= Fluorescence
| —Electrochemical |
]

= Conductivity

= Mass-spectrometric (LC/MS)
— Evaporative light scattering

Electrochemical Detector

Reference Electrode
Working Electrode

Analyte is oxidized or reduced

Electrolyte (mobile phase)

—  Auxiliary Electrode

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

Electrochemical Detection of
Catecholamines & Related Compounds

1. Norepinepherine 150 ppb
2. Epinepherine 200 ppb
3. Normetanepherine 50 ppb
1 2 4. Dopamine 200 ppb
5. Metanepherine 200 ppb
3 6. 3-Methoxytyramine 75ppb
7. 4-Methoxytyramine 500 ppb

nAmps{

0.00 2.00 4.00 6.00 8.00 10.00 12.00

Minutes
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Pulsed Amperometric Detection
of Monosaccharides

. Fucose

. Galactosamine
Glucosamine
. Galactose

. Glucose

. Mannose

300

oo pwNE

5.00 Minutes 20.00
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Detection in HPLC

Detectors

]
= UV/N\is
* Fixed wavelength
¢ Variable wavelength
¢ Diode array
= Refractive index
= Fluorescence
— Electrochemical
]

| =Conductivity |

= Mass-spectrometric (LC/MS)
— Evaporative light scattering

Conductivity Detector
F|'|'
] Oo ° O Mobile phase

F” [[|———
] %@;"’fggﬂﬂ Mobile phase plus sample

Anion Standard

1. Fluoride 1ppm Column:
1.40 1 2. Chloride 2 ppm Eluent:
— 3. Nitrite 4 ppm Flow rate:
4 4. Bromide 4 ppm Injection
3 5. Nitrate 4 ppm vol.:
7 6. Phosphate 6 ppm Detection:
4 7. Sulfate 4 ppm

Conductivity Detection of Seven

Waters IC-Pak Anion HC
Borate/Gluconate

2.0 mL/min

100 L

Direct Conductivity

0.00 5.00 10.00 15.00 20.00
Minutes

25.00

Dr. Shulamit Levin, Medtechnica

Conductivity and 996 PDA
Detectors in Series

1.60 1 2 3 Detection:  Direct Conductivity after
Suppression
1.20
4 5 1. Fluoride 1ppm
0.80 7 2. Chloride 2 ppm
3. Nitrite 4 ppm
6 4. Bromide 4 ppm
0.40 5. Nitrate 4 ppm
6. Phosphate 6 ppm
0.00 §r i 7. Sulfate 4 ppm
0.05 i Detection: UV (PDA)at 214nm
'
004 § Column: Waters IC-Pak Anion HR
003 H Eluent 1.2 mM Sodium Carbonate/
AU E 1.2 mM Sodium Bicarbonate
002 1 Flow rate: 1.0 mL/min
Injection vol.: 50 uL
oot } ! "
000 }

0.00 4.00 8.00 1200 16.00 20.00 24.00
Minutes
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Detection

in HPLC

Applications

m 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:

lon Exchange
Reversed Phase and lon-Pair RP

No normal phase separations

Detectors

a
=UV/Vis
* Fixed wavelength
¢ Variable wavelength
¢ Diode array
= Refractive index
= Fluorescence
— Electrochemical
a

= Conductivity

= Mass-spectrometric (LC/MS)
= Evaporative light scattering

EVAPORATIVE LIGHT SCATTERING

. Lalim
% EMaent
Fmg e == Hebulize
l "_"T Prregs ure Felie f
m The scattered light is detected by a i :

silicone photodiode located at a i_
j
|

90° angle from the laser. The et
photodiode produces a signal
which is sent to the analog outputs
for collection. A light trapis located Droglets | :
180° from the laser to collect any \ ™
light not scattered by particles in | ! ]

the aerosol stream.

:L__'- ) Amplit
HI . e
1

Radioactive Detector

Primarily used for the measurement of 3H, 14C, and 32P,
beta-emitters and many soft gamma and positron emitters
encountered in bio-medical research and pharmaceutical quality
control.

Dr. Shulamit Levin, Medtechnica
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Detection in HPLC

How LC-MS Works
LC-MS

lonization Sorting of lons Detection Date

Total-lon-Current Chromatogram
Source Detector with poor resolution
Mixture
Int « 465 5.05
8862
565

\ i'

LC/MS
X Interface

Desolvation

Spectrum

Time

Separation AT R 3 T I 3 7 T 500 o700

Time Of Flight Mass Analyzers
FT -ICR-Spectrometer

L
=2

HARDWARE - ES/APCI lon Source

Magnetic Fielt B

S[ECLOITIE
Analyzerss

» ESI and APCI are easily interchangeable in seconds without

venting the system
= ESI and APCI use a unique counter electrode to optimize
sampling from the liquid spray and to aid sample desolvation

= Automatic Probe recognition

Dr. Shulamit Levin, Medtechnica 41-44



Detection in HPLC

ESI-MS lon Formation

as droplet evaporates, the
electric field increases & ions
move towards the surface

droplet
capillary  containing

(+48kV) ions

ions evaporate
from the surface

Mass Range
Multiply Charged Molecules

ANY ADJACENT PAIR OF IONS CAN BE USED TO CALCULATE THE
AND THUS THE MOL
Horse YYMEH ‘M?Sﬂ THUS ECULAR WEIGHT

n =23, m/z=738

<« Acquired Mass range — Calculated Mass

APCI Probe Equipped With a
Heated Nebulizer

Makeup Gas
e 1k
SMSS + S
From LC —jam| oRgem: & MS"F‘*"MH++ ToMazf
Column SSSMM sHM s Analyze
:[S sH
Nebulizer S/ // /7 /
Gas
760 torr vacuum

Corona Discharge
Needle

= Generates molecular weight and structural information
= APCI flow rate: 0.2 to 2mL/minute
¥ Option: Crossflow interface

The quadrupole

Dr. Shulamit Levin, Medtechnica
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Detection in HPLC

100 256 MW=295
{ 8.1le4

157 MW=280
NO{ 221e5
T T lu T T T T T T T

100 216 MW=264
1.26e5

100 129 MW=260
1.53e5

100-

1.57 e
129 216
‘ f‘ A 56 3.50e5

100, 295_4.59e4
E @ 206
Q. T T T T wl
100, 2801.13e5
@
E 1

‘; ) 7?67e4
2f3 L

260

9.25e4

261

100 125 150 175 200 225 250 275 300
Mass/Charge (m/z)

10 injection of 200 ng/mL sample (in 40%
MeOH),1=Propranolol, 2=Doxepin, 3=Nortriptyline,
4=Trimipramine, 65/35 0.1 % Formic Acid / MeCN

Daughter (Product) lon Spectra

Ms1 Collision ms2
Cell

— E=

static scanning

Parent (Precursor) lon Spectra

ws1 Coliision  ms2
ceil
Scanning Static

Triple Quadrupoles MS-
MS —
Modes of Operation

Constant Neutral Loss Spectra

Ms1 Collision Ms2
cell
—
Scanning Scanning

Multiple Reaction Monitoring

Typically used in Quantitative Work of
Triple Quadrupoles

MS1 Collision Ms2
Cell
— M ,
|

Ding Time (min) 0.2 mL/min
Std_017 MRM of 12 Channels ES+
10 208>162.9
1.73e7
MDEA
Std_017 MRM Of 12 ChanneIs ES+
10 80 14995 > 91
Methamphetamine L.49e7
Sd_017 - MRM of 12 ChannelsES+
. 1358 > 91
10 Amphetamine k 4.29¢6
Sld_017 MRM of 12 Channels ES+
10 ) 165.85> 148
4/3 Ephedrine 2.05e7
o S Foveey .20 g rr——
179.8 > 163
13/; MDA 41366
g T T T T T T T T T [ B el b | T T T T T ™7 T T T T T 1
Std_017 MRM of 12 ChannelsES+
1‘:% MDMA K 19385 ek
050 100 150 200 25 300 350 400 450 500 550 600 650 700 750 800
Time

Dr. Shulamit Levin, Medtechnica

BASIC DETECTOR REQUIREMENTS

=| ow drift and noise level (trace analysis).

=High sensitivity.

= [Fast response for high performance systems.
=Wide linear dynamic range (quantitation).

—Low dead volume (minimal peak broadening & remixing of the

separated bands).

=—Insensitivity to changes in type of solvent, flow rate, and

temperature.

=—Operational simplicity and reliability.

=Tuneable, so that detection can be optimized for different

compounds.

—Preferably non-destructive.

49-52



Detection in HPLC

Detector Criteria

» Selectivity

» Sensitivity and detection limit
» Stability

» Linear range

» Dynamic Range

» Reproducibility

» Effect on peak shape

» Maintenance

PROPERTIES OF DETECTORS
SELECTIVITY |

v ¢

SPECIFEIC | UNIVERSAI

m A selective detector allows one to see
only components of interest despite of
their co-elution with any others.

PROPERTIES OF DETECTORS
SENSITIVITY |

/|
]

Sensitivity of a detector is the minimum
amount that can be detected.

Dr. Shulamit Levin, Medtechnica

PROPERTIES OF DETECTORS
DETECTION LIMIT |

hsignal =2Xx hnoise

noise

53-56



Detection in HPLC

Detector Sensitivity

= Limit of detection
=| owest concentration that can be detected
=Signal-to-noise ratio of 2:1 or 3:1

= Limit of quantitation

= Lowest concentration that can be determined
with acceptable precision
= Signal-to-noise ratio of 10:1

Chromatographic Sensitivity
Signal-to-Noise Ratio

0.001
0.2AU AU

No Noise
apparent
noise
28 3.0 32 34 2.00 3.00 4.00
Minutes Minutes

Increase Signal-to-Noise Ratio

»Signal-to-noise (S/N)
is peak height to
noise

31 g1 »

»Increase S/N by
decreasing noise

Dr. Shulamit Levin, Medtechnica

Factors Increasing UV Signal

» Increase sample concentration
» Increase injection volume

» Choice of wavelength (s)

» Low volume flow cell

» Flow cell pathlength

Factors Affecting Noise in UV Detectors

» Optics bench design

» Lamp energy

» \Wavelengths

» Mobile phase composition
» Pump pulsation

» Electronics

57-60



Detection in HPLC

Chromatographic Sensitivity PROPERTIES OF DETECTORS
Single Wavelength vs Maxplot BASELINE STABILITY |
oo SHORT
0.008 220 nm Maxplot RANGE

0.006 %NOISE

0.004

AU

0.002

0,000 LONG
' RANGE __——
-0.002
00 20 40 60 oo 20 40 6o — DRIFT
Minutes Minutes ————

PROPERTIES OF DETECTORS
LINEAR RANGE |

Noise and drift

= Noise, drift, and smallest detectable peak.

Max linear response

> 2*noise

2 x detector noise

- CONCENTRATION
Noise The linear dynamic range of a detector is the maximum
linear response divided by the detector noise.

Dr. Shulamit Levin, Medtechnica 61-64



Detection in HPLC

PROPERTIES OF DETECTORS

DYNAMIC RANGE |

mwzoTvuvuma

TIME (MIN)

PROPERTIES OF DETECTORS

CONTRIBUTION TO BAND
BROADENING

| |
/ /

RESPONSE TIME | FLOW-CELL VOLUME

N

PROPERTIES OF DETECTORS

REPEATABILITY OF RESPONSH

|
/

TEMPERATURE, FLOW RATE, ELECTRONICS |

PROPERTIES OF DETECTORS

MAINTENANCE AND COST |

|
EASY HANDLING OF FLOW-CELLI

EASY A/D CONVERSION |

SAFETY I

Dr. Shulamit Levin, Medtechnica
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