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Detectors used in HPLC

Type Principle Detection
Qua[ ibafive limit
‘f{I’DL{’”/&
%}Quaw s
iR IRT
Spectro- Measure ~<1ng
7 photometer absorbance ofs\:,,u”’-
light AT |
Fluorometers Measures ov . to
fluorescence @
Electro- Electrochemically to@
chemical measures o e
detectors oxidized/ reduce
analyte

spectrometer| separation by
wag /~—mass-to-charge
7/ ration

T!Wass ‘\ Detects ions after 't@
N

Refractometer Measure change 1 Mg
in refractive index

e~ RO joS—  wed+

Comments

Analyte must
absorb UV or
visible light

Analyte must
fluoresce

Useful for

3 “"'\-5 /‘{3—)1’13——) fﬁ

\N
o '\\‘6
7 ik
v Vo
No Mo

catecholamines 55&

Analyte must
be converted
to ionized
form

Detection of
most
compounds
but relatively




Liquid Chromatography
Instrumentation — Detectors

o UV Absorption Detectors

— The most common type of detector
— Principle: absorption of ultraviolet (or visible) light
— Follows Beer’s Law: A ="-log(I/I,) = €bC
e I = intensity of light (I, for blank)
e £ = molar absorptivity (constant) —
e b = path length= \cv -, I b
¢ C = concentration

@ Cell
— Best results for0:001 <A <1

— Fast response — sensitivity trade off in path length
(can select cell volumes)

Light beam




Liquid Chromatography
Instrumentation — Detectors

e UV Absorption Detectors

— Sensitivity to Compounds (€ values)

s { Best for compounds with conjugated double bonds,
P aromatic groups or strongly absorbing functional groups
(e.g. R-NO,, R-I, R-Br)
e Poor response for compounds with few or weakly
_ absorbing functional groups (worst for R-CN, R-NH,, R-F;
poor for R-OR’, R-OH, R-COOH, R-COOR")

— Solvents:
* Requires use of solvents that absorb poorly in UV

Ik Wi




Absorbance detectors

UV/Visible detectors

» Solute property detector

» Three types
7&%'095 Fixed wavelength detector

ariable wavelength detector #*2 7=*°

& 2;\3 N
- Diode array detector sguss=-scsaz el 4

JAD

B




= C;”-a@c)s’P Fixed Wavelength detectgomam
/O_//

UV Lamp

» 254nm
» Higher detection capacity. Quartz Quartz
» Hg vapour lamp(discharge lamp) Windows Lens  Windows
» Focus of light through two absorption cells. %‘* Q’T_/
» Volume of cell is kept constant. e Rk ol

Sample cel oz

zceﬂ s o/ te
‘.—.

C—t—’;-’ycf- mobile t_%—:' C_/::'-" b u__L"' d Quartz
- Quartz v || \Vinduws
N == Windows | I I I

c tr,@b)@&)&f*

Photo Cells

mobi molr'le



Variable Wavelength Detectors

» Relatively wide band pass UV-Visible spectrophotometer
coupled to a chromatographic system.

» Offers a wide selection of UV & Visible wavelengths with
Increased cost.

» For complete spectrum, eluent flow must be stoppedto
trap the component of interest in the detector cell.



Diode Array Detector

» Scanning Wavelength Detector
» Required to obtain a real time spectrum of each solute as it elutes

» Work in parallel, monitoring all wavelength

» Xenon lamp Compunds = (NN L&
« Complete development of chromatogram one Run 9

Diode Array

Dispersion device

Entrance slit
Sample

Sou rce



| / Liquid Chromatography
l/ﬂ:‘/i/;{ ) sl Instrumentation — Detectors
ne

e Refractive Index Detectors

— Principle: et et e 541 Gton
e liquids with different/refractive index will diffract light differently
o Composition will determine refractive index
o Any compound with a refractive index different than the solvent’s

is detectable
— Advantage:
¢ Most universal detector (can detect weakly absorbing
compounds)
— Disadvantages: ple 3 345\ 2l o #
e Gradients are not possible FSAM G (o
e Requires thermal stability gy fj\a,,.,-,mowu@s\).. GeoL)) Gy Lo
e Generally, very sensitive ot
Pua J\ w



Path taken when
Reference out refractive index

f eluat
\ gh:nugae: \ /
\

Reference in
\

Photocell

Deflection plate

Path taken with
pure solvent in
both compartments

Sample out

Sample in

ou auy
SO s Mis



o more  Conj clj'J
o J:MW ""tiac- Fluorescence Detectors M + hy — M*

— Detection Principle: Hluorophor”
: : M* — M*’ (lower vibrational level)
e Light promotes molecules to excited
electronic state M* — M + hv'

e Excited molecules transition from
lowest excited state back to the
ground state and emit light in the
process

— Equipment: O
e High intensity light source

e Filters or monochromators to select Filter or /
wavelengths (before and after cell) monochromator — |

e Sensitive light detector

P 1 || Light
’w \ detector
— Advantages:

* (Greater sensitivity possible (for molecules with high fluorescence efficiencies)
because easy to detect small signal against zero background (see below)

e Much greater selectivity because few molecules fluoresce, particularly at
selected wavelengths

— Disadvantages: WA goel) ) b 8 conjugeke) G 21— Civl
e Limited to relatively few molecules (although derivatization is also possible)

Light Source
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Liquid Chromatography
Instrumentation — Detectors

« ELSD (Evaporative Light Scattering Detector)

Vg Samplill 9P, | 50

Cadton - (i
. L Column
- Universal [dESTUCHVE 1y ))censitive effuent
» Useful for large molecules and wide linear Nebuizer -
essure rele
range- prmgggn gas /1 Nebulization
» Analytes are(de-solvated in‘the'detector. .
» Molecules pass through adargescuvette for i - _/ﬂ I
a UV"VlS instrument Sample < ":. _ 2. Mobile phase
« The reduction in light intensity detected - .
(due to scattering by the analytesh)w&?e O | \\‘
measured. Vol sV, «— eflmt &< prase > ds 1 S Butaciic
SS;P "l:Ls h» 5 - _ 3. Detection
CoE2 Yol Wl O siny) o) —&FAEW Laser light source
Scattefing MIEH — v iz gl a8 e
- e £ nge /)g/)mt Photodetector

J~_/l—— /Jnauy/ﬁ NS e O

(LAJ ~0 'SCWHGﬁM |

- l'ud-ex



Liquid Chromatography
ot destructive Instrumentation — Detectors
lO)(Q,_)‘ \{//\\Ln._b‘

s,
S o Wmlon Exchange Chromatography s

SLU e ) 50\ Lt i), gl 50 O3 o2
Ause Covalent (s ()_..,4;0\ A
e Types of Instruments:
— Single column
— With analytical plus suppressor columns
e Detection in Single Column Instruments From HPLC column
— Other detection methods (fairly common)
— Conductivity detection
e Conductivity Detector f
— Resistance measured (AC circuit)
— Conductivity = 1/(resistance)
— Ions in solution create conductance
— Conductivity depends on ion

‘concentration and size . e phase N o A 1 sl

Conductiv ity/ Electronics
cell

(»'P‘
G0« € Bl Pl & mathonl L €— e > s
A eana 8] ‘LPJ,\ 0_,.»0 97[44-/‘/ &"\51" « Samﬂtﬂ 6 b (’/ mdf}wnol F e /min
e meané . :
s AL i E] 3 e” /min

Ls e signel Tl ¥ Be™ /min
s ) gk B

Chsoft A 2]



J JAEXN]

oxidizing ke Spmple

Unversed 3o, J "P
% e Electrochemical Detectors
Degructive

— Principle:

¢ Redox reactions occur at electrodes
following column

» Potential cycle used to periodically
oXxidize/reduce analytes at electrode

» Current depends on concentration of analyte
being reduced or oxidized (similar to A'in. UV
detector)

» Electrode potential determines classes of
compounds that are detectable (similar to A
in UV detector)

From column

Analyte
electrode

Reference
electrode

Voltage supply/
electrometer
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e Mass Spectrometry

Bonds in cation radicals
begin to break (fragment)

M+ Mty M®
Cation fragment
radical

Sample vaporized and
subjected to bombardment

by electroni Iﬁgt remove
a reating a

cation radical
o
m M* + e
Organic Cation
molecule radical

N4
o

Lets only cation M*
to be inter

Coil M Heated ‘

filament

Slit

inlet
Ionizing
electron

EEAn LCD display

© 2007 Thomson Higher Education

-

O
Ions deflected .—)7
rem—
according to m/z

Slit

Detector

Mass to charge
m/z) ratio is
measured

Molecular ion (M*)

| Acceleration

I shows molecularweight

| lonization unit I
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The Mass Spectrum

mass ﬁ /961151{7&

Plot mass of ions (m/z) (x-axis) versus the intensity of the signal (roughly corresponding
to the number of ions) (y-axis)

Tallest peak is base peak (100%)
» Other peaks listed as the % of that peak

Peak that corresponds to the unfragmented radical cation [M]* is parent peak

100
£ 80 &
8 H H H O
§ 60 Propane H_:C_:C_:C_H
5 g MW =M" i
Q
c 40 . =44 Parent peak
E ~—m/z_ Lsco3X
T 20— gH — &
S 5o I >
0 T | i il il 1 : T T I "{q T T : T r
10 20 A/40 60 80 100 120 140
BNz [/ —

® 2007 Thomson Higher Education (/sf\
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Determining the molecular formula
M and M+n peak :

Peaks above the molecular weight appear as a result of naturally occurring
heavier isotopes in the sample

- M 12C (98.9%) and (M+1) from (1.1%) of '3C in nature
- (M and M+2) in (75.8%) /(24.2%) ratio = 3°Cl and 37Cl
- (M and M+2) in (50.7%) /(49.3%) ratio = 7°Br and 8'Br

100
Propane

2
~ 80 — _ .
: MW = M* H oo —l_
: =44 |
-8 60 — - H—|C—|C .
3 / H H/H
g = — m/z= 44
>
& — o7,
10 20 40 60 " e N

® 2007 Thomson Higher Education



Determining the molecular formula

Natural abundances of Isotopes\of some common elements

Major ‘ M+ I \ M+ 2
Element Isotope RA Isotope RA Isotope RA
Hydrogen 'H 100
Carbon e 98.9 3¢ .1
Nitrogen "“N 99.6 *N 0.4 L 0Bl ¥ panter
Oxygen %0 99.8 L8 0.2
Fluorine =R 100
Sulfur %5 94.8 8 08 74 S 4.4
Chlorine 3C 75.8 IC| 24 9
Bromine Br B0.0) « —7 W ?—t”-"*‘ +— 8By 493
lodine 127 100

The relative abundance (RA) of the most abundant isotope is listed as 100, and the abundances of the other isotopes are
listed relative to that number. The M + | isotope is the one that is responsible for the peak at m/z one unit higher than
the peak for M.



Determining the molecular formula

M* peak: Halides

MASS SPECTRUM

100. ‘ - ——
so S ﬂ 35C]
3 CH,Cl
M* and M+2 in 75.8%: 3  60- — s
= o
24.2% (~ 3:1) ratio 2 a0 e
@D . b ’:n
e 35C| and 37C| . 20. & igi fm+as;‘ﬁ'&§
= W WD e =
i Y2 LA
10 20 30 40 50 \_)U 60
miz ¢
. MASS SPECTRUM
M* and M+2 in 50.7%: 100 —
49.3% (~ 1:1) ratio 80, _ & Br
2 1 gE s
= 9Br and 8'Br 5§  60- 22 /\)
3 :
=< 40. -
& 1 7 |- % F_ 77 7% £z
- " = *5 SE 9B @ 1)
A - | 7 =5 sgse =2
0. J I;.llll Il,-;/ \11/ ,\“/, \i —i) .
45 8ITZI 1210 n'{ 160
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Relative Intensity

Determining the molecular formula

100 —

80 —

)
o
|

N
o
|

20—

MW =156

Br
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z—

, +20
79Br +5

156 158
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Relative Intensity

Determining the molecu

236| '9Br +
100 —
: Br / 81Br
80 — Br
i MW =234 7QBr X 2 81Br X 2
234 238
60 \ Ve
40 —
20 —
0 In'!lll‘%'f['n%ﬁlili nllilhnﬁ uu‘ffln]lln]li‘i'llnlllln%lilnnlnnu ! (RARLARRRRS AR RN RRRRN LRRRN LRRRE ] M"—

20 40 60 30 100 120 140 160 180 200 220 240

m/z



Relative Intensity

100 —

80 —

R
o
|

N
o
|

20 —
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Determining the molecular formula

: Cl
MW = 112 35Cl 112\
N AN L T l||| | . I
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Relative Intensity

Determining the molecular formula

100 — 79
sC = Jevi|eBr+37C
1 yH —Y
or 192 —
80 — Cl @ 8r 81Br + 35C]|
MW— 190 M —— «9
’ 37 ¥a gl
> 79Br + 35C]
60 190 — *
81Br + 37C]
40 —
/ 194
| |
20 —
0 —hrtmthy o |u. Il | .l‘ L b lL I dped ||
l]llll]llll Illl|llll [llll] llll|llll Illllllllllllllll ll[llll Illll]l lll| 1 l[llll]lllllllll[llll]llll]llll]ll llllll l[llll]llll|llll[lllllllll]\l\p",”u.!l‘I I ]lllll
25 50 75 100 125 150 175 %3 %200

m/z



Relative abundance

Determining the molecular formula

100

CH,CI

7 12 8‘9

F H-+ 7

Benzyl chIIO/rJQeC[

35 .7
R

J)

3\56 2% 65

Al oy || 1|'| :

91

lllll N
1

<«—— Base ion

126

MY —>

30 40 50

70 80 90 100
m/z




