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• UV Absorption Detectors

– The most common type of detector
– Principle: absorption of ultraviolet (or visible) light
– Follows Beer’s Law: A = -log(I/Io) = εbC

• I = intensity of light (Io for blank)
• ε = molar absorptivity (constant)
• b = path length
• C = concentration

– Best results for 0.001 < A < 1 
– Fast response – sensitivity trade off in path length 

(can select cell volumes)
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• UV Absorption Detectors

– Sensitivity to Compounds (ε values)
• Best for compounds with conjugated double bonds, 

aromatic groups or strongly absorbing functional groups 
(e.g. R-NO2, R-I, R-Br)

• Poor response for compounds with few or weakly 
absorbing functional groups (worst for R-CN, R-NH2, R-F; 
poor for R-OR’, R-OH, R-COOH, R-COOR’)

– Solvents:
• Requires use of solvents that absorb poorly in UV
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• Refractive Index Detectors

– Principle:
• liquids with different refractive index will diffract light differently
• Composition will determine refractive index
• Any compound with a refractive index different than the solvent’s 

is detectable
– Advantage:

• Most universal detector (can detect weakly absorbing 
compounds)

– Disadvantages:
• Gradients are not possible
• Requires thermal stability
• Generally not very sensitive
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• Fluorescence Detectors
– Detection Principle:

• Light promotes molecules to excited 
electronic state

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

– Equipment:
• High intensity light source
• Filters or monochromators to select 

wavelengths (before and after cell)
• Sensitive light detector

Light Source

Filter or 
monochromator

Light 
detector

M + hν → M*

M* → M*’ (lower vibrational level)

M*’ → M + hν’

– Advantages:
• Greater sensitivity possible (for molecules with high fluorescence efficiencies) 

because easy to detect small signal against zero background (see below)
• Much greater selectivity because few molecules fluoresce, particularly at 

selected wavelengths
– Disadvantages:

• Limited to relatively few molecules (although derivatization is also possible)
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• Ion Exchange Chromatography

• Types of Instruments:
– Single column
– With analytical plus suppressor columns

• Detection in Single Column Instruments
– Other detection methods (fairly common)
– Conductivity detection

• Conductivity Detector
– Resistance measured (AC circuit)
– Conductivity = 1/(resistance)
– Ions in solution create conductance
– Conductivity depends on ion
concentration and size

Conductivity 
cell

Electronics

From HPLC column
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• Electrochemical Detectors

– Principle:
• Redox reactions occur at electrodes 

following column
• Potential cycle used to periodically 

oxidize/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 λ
in UV detector)

Analyte 
electrode

Reference
electrode

Voltage supply/ 
electrometer

From column



Bonds in cation radicals 
begin to break (fragment)

Mass to charge 
(m/z) ratio  is 
measured

Molecular ion (M+)
shows molecular weight 

• Mass Spectrometry

Ionization unit

Acceleration

Magnet





The Mass Spectrum
• 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
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- (M and M+2) in (75.8%) /(24.2%) ratio = 35Cl and 37Cl 
- (M and M+2) in (50.7%) /(49.3%) ratio = 79Br and 81Br

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 
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- M 12C (98.9%) and (M+1) from (1.1%) of 13C in nature

Propane 
MW = M+. 
= 44



Determining the molecular formula 

Natural abundances of Isotopes of some common elements



M+ peak: Halides

M+ and M+2 in 75.8%: 
24.2% (~ 3:1) ratio 

= 35Cl and 37Cl

M+ and M+2 in 50.7%: 
49.3% (~ 1:1) ratio 

= 79Br and 81Br
Br

CH3Cl

Determining the molecular formula 

35Cl

   37Cl



156               158

Br
  

MW = 156

Determining the molecular formula 

79Br 81Br
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Br

   

MW = 234

Determining the molecular formula 

81Br X 2

79Br + 
81Br 

79Br X 2



Cl
  

MW = 112
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Determining the molecular formula 

35Cl

37Cl
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MW = 190

Determining the molecular formula 

81Br + 37Cl

79Br + 35Cl

79Br + 37Cl
       or
81Br + 35Cl



Determining the molecular formula 


