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Introduction to Molecular Absorption Introduction to Molecular Absorption 
SpectrometrySpectrometry

Read = pp. 336-354     Problems: 13-1,5,8,9,15 

A = -log T = log Po/P = εbC

Two air/wall 
and 
wall/solution 
interfaces

Correct for light attenuation by reflection, refraction and scattering!



Quantitative Aspects of Spectroscopic Quantitative Aspects of Spectroscopic 
MeasurementsMeasurements

• Beer’s Law

• Applies to analyte concentrations < 0.01 M.
• ε depends on refractive index of medium, η.
• Chemical deviations (reactions of analyte).
• Applies only to truly monochromatic light (wavelength 

selection results in more or less a symmetric band 
around the central wavelength.

A = εbC

Psolution P
Psolvent Po

=T = A =  log Psolvent

Psolution



Quantitative Aspects of Spectroscopic Quantitative Aspects of Spectroscopic 
MeasurementsMeasurements



Factors Influencing Spectral ResolutionFactors Influencing Spectral Resolution

Monochromator Grating or prism + focal length + slit widths





Spectroscopy = use of light to probe the properties  
of matter….understanding how light interacts with 
matter.

Spectrophotometry = any technique that uses light 
to measure chemical concentrations.







Basic Design for a DoubleBasic Design for a Double--Beam Beam 
SpectrometerSpectrometer

Source + sample holder + wavelength selector + detector

Single channel detector



Basic Design for a Basic Design for a MultichannelMultichannel
SpectrometerSpectrometer

Source + sample holder + wavelength selector + detector.



Key Learning Points 
 

• Wavelength, frequencies and photon energies (key equations) 
• How molecules and atoms absorb electromagnetic radiation. 
• Atomic energy levels and atomic absorption and emission 
• Flames and their function and chemical environment 
• Plasmas and their function and chemical environment 
• Monochromators, performance criteria and function 
• AAS and AES instrument design 
• Beer’s Law calculations 
• Calculations of detection limits and unknown concentrations from standard 

curves. 
• Know how the standard addition and internal standard methods work 
• Spectrometers for molecular absorbance in the UV and Vis region 
• Fluorometry and instrumentation 
• Single and multichannel detectors and how they work. 



Getting the Entire Spectrum at OnceGetting the Entire Spectrum at Once
•

 

In diode array spectrometers, there is no exit slit. All the dispersed  
wavelengths that fall on the array are recorded simultaneously.

•

 

Resolution is limited by the size of the diode array but generally is 
about twice the size of a single element of the array.

•

 

Improved S/N and precision are possible with PDA because of 
signal averaging (co-adding spectra).

•

 

Improved S/N also because of less flicker noise.
•

 

Useful for measuring chemical kinetics on the msec

 

timescale. 



Dispersion ElementsDispersion Elements
Lenses and mirrors to focus radiation.Lenses and mirrors to focus radiation.
Entrance and exist slits to restrict Entrance and exist slits to restrict λλ..
Dispersion elementDispersion element

Good at short wavelengths and 
poor at longer wavelengths.

Same at all wavelengths

UV/Vis = 15,000UV/Vis = 15,000--20,000 lines/in20,000 lines/in
IR = 1,500IR = 1,500--2,000 lines/in2,000 lines/in

nλ

 

= d (sin i –

 

sin θ)

1.

 

Spectral purity
2.

 

Dispersion, D-1

 

(nm/mm)
3.

 

Resolving power, R=λo

 

/Δλ

 

= nN
4.

 

Light gathering power, f = F/d

F = focal length
d = collection mirror diameter

e.g., f/2 lens 
gathers 4x more 
light than an f/4 
lens.



Effective BandwidthEffective Bandwidth

Radiation passed by the slit is not Radiation passed by the slit is not 
monochromatic.monochromatic.

λλ

 
effeff = wD= wD--1   1   DD--11(nm/mm) = ((nm/mm) = (dd coscosr)/nFr)/nF

d = groove spacing
F = focal length
n = diffraction order

Nominal wavelength



Error in Measurement of TransmissionError in Measurement of Transmission
A = -log T = log (1/T) = log (Po

 

/P) = εbC

Difficult to precisely measure either Difficult to precisely measure either 
very small or very large differences very small or very large differences 
in transmission.in transmission.

Small errors in measurement of T Small errors in measurement of T 
mean large errors in C mean large errors in C 
determination.determination.

Dilute sample: 10Dilute sample: 10--80% T (0.180% T (0.1--1 AU)1 AU)



Chemical Chemical EquilibriaEquilibria
HA HA →→ HH++ +  A+  A--
λ1 λ2

Isosbestic

 

point

 

= unique 
wavelength in a two-component 
system for quantitative 
determination of total amount of 
two absorbing species.

IsosbesticIsosbestic point is independent of the solution pH. Intensity at this point is independent of the solution pH. Intensity at this λλ

 
would increase with concentration of HA.would increase with concentration of HA.

Use buffered solutions, constant ionic strength

(Absorptivity of both species is same at IP)
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