
Chapter 7 Chapter 7 –– Components of Optical Components of Optical 
InstrumentsInstruments

Read pp. 164-173; 180-190; 191-200    
Problems: 1,2,3,6,16,19

Configuration of an instrument for an absorption measurement.
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ber: All light intensity loss must be due to absorbance by the 
 Therefore, two measurements are always necessary: one with the
present and a background (without the analyte).



What Does the Output Look Like in a What Does the Output Look Like in a 
Spectrometric Measurement?Spectrometric Measurement?

λmax
A = kC

Calibration 
curve needed to 
relate 
absorbance to 
an actual 
concentration of 
analyte.

Absorbance

Wavelength (nm)

The instrument scans the wavelength (or energy) from one value to 
another, and records the light intensity change at the detector.



The Absorbance MeasurementThe Absorbance Measurement

b

PPo

Absorbing solution 
of concentration, C

A(λ) = ε(λ)bC = log P0/P

ε= molar extinction coefficient, L mol-1 cm-1

b = path length, cm          C = concentration of analyte, mol L-1





Sources of Electromagnetic RadiationSources of Electromagnetic Radiation

• Broad band or continuum sources
Xe lamp (180 – 800 nm)   
W lamp (300 – 2000 nm)

• Line sources
Hollow cathode lamps (atomic spectroscopy)
Lasers (light amplification by stimulated emission of 

radiation)

Variable intensity over 
the entire range of 
wavelengths.



How Does a Laser Function?How Does a Laser Function?

Pumping or net excitation
Nex >> Ngs

Spontaneous emission
(light release or emission)

Stimulated emission

Absorption







Laser Light SourcesLaser Light Sources

• High intensity or output power
• Monochromatic (one wavelength)
• Coherent (superposition of waves – all waves in-phase with one 

another)
• Excellent spatial and temporal resolution

• Gas, solid or liquid media are possible.

• N2 = 337 nm, Ar = 514 nm, Nd:YAG = 1064 nm, dyes = (400-
1000 nm).



Wavelength SelectorsWavelength Selectors

• Filters (bandpass or rejection)

• Monochromator

Cheap but low resolution 
wavelength selectors

Expensive but high 
resolution wavelength 
selectors





Performance Criteria for Performance Criteria for MonochromatorsMonochromators

• Linear dispersion, D
dy

• Resolving power

• Light gathering power (1-10)

• Stray light rejection
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f =Lower the number, the
better the light gathering power



Detectors or TransducersDetectors or Transducers

• Devices that record intensity changes in the incident light and 
convert these intensity changes to a proportional electrical 
signal.   

• Iph ~ light intensity        S = kP + kd

• Single channel or multichannel types.

• Sensitivity, stability, dark current, can it respond to more than 
one wavelength simultaneously, etc. 

• Phototubes, photodiodes vs. photomultiplier tubes vs. charge 
transfer devices (CCD’s).



Types of DetectorsTypes of Detectors

Single Channel

Iph (photocurrent) = kP (radiant power)



Types of DetectorsTypes of Detectors

Single 
Channel

Iph (photocurrent) = kP (radiant power - amplified)



Multichannel Detector (Multiple Wavelengths 

Simultaneously)
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