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	1. Laboratory Instruments
Lecture five
Spectrophotometer
Dr.  Bayram Dawod Ahmed PhD
 


	2. Definition of Spectrophotometer
•  Spectrophotometer is an instrument that shines colored and
uncolored solutions with light waves (visible ,UV or IR) to
measure quantitates of the photon absorption or
transmission properties of a material (sample) in cuvettes as
a function of wavelength.
• The amount of specific absorbed,transmitted light
wavelengths are measured which reflects the concentration
of solutes in solution.
 


	3. History of spectrophotometry
•  Invented by Arnold O. Beckman in 1940 with the aid of his
colleagues at his company (Beckman coulter).
• Started with Model A where a glass prism was used to absorb the
UV light.
• Later Model B, there was a shift from a glass to a quartz prism
which allowed for better absorbance results.
• From there, Model C was born with an adjustment to the
wavelength resolution.
• The last Model D which contained the instrument case, hydrogen
lamp with ultraviolent continuum and a better monochromator.
 


	4. History of spectrophotometry
•  Later, another company knownas Hewlett-Packard created
the first diode-assay spectrophotometer in 1979 .
• Diode-assay spectrophotometers differed from the former
one because it was the first single-beam microprocessor-
controlled spectrophotometer that scanned multiple
wavelengths at a time in seconds. It irradiates the sample
with polychromatic light which the sample absorbs
depending on its properties.
 


	5. Techniques use spectrophotometry
1.Determining  optimal wavelength absorbanceof
samples.
2.Determining optimal pH for absorbance of samples.
3.Determining concentrations of unknown samples.
4.Determining the pKa of various samples.
5.Spectrophotometry is also a helpful process for protein
purification.
6.As a method to create optical assays of a compound.
 


	6. Fields and medical  uses
The use of spectrophotometers spans various scientific fields,
such as physics, materials science, chemistry, biochemistry, and
molecular biology.
1. To determines the presence or absence and concentrations
of samples in solutions qualitative and quantitative..
2. To determines the purity of a samples.
3. To look at the change of samples over time.
 


	7. Why samples absorb  the light waves?
• Each type of molecule has an individual set of energy
levels associated with the makeup of its chemical bonds
and nuclei, and thus will absorb light of specific
wavelengths, or energies, resulting in unique spectral
properties.
• This is based upon its specific and distinct makeup.
 


	8. How the spectrophotometer  work?
• Shines a beam of light on a sample, the molecules in the
sample interact with the light waves in of 3 ways:
Absorb the energy, Reflect the energy, Transmit the
energy between and through the atoms and molecules
of the sample.
• The spectrophotometer measures the amount of light
transmitted through the sample (Transmittance).
• By using an equation (Beers law), it converts the
transmittance data to an absorbance value.
 


	9. Absorption of Light
Ground  and Excited State
➢ When a chemical absorbs light, it goes from a low energy state (ground
state) to a higher energy state (excited state)
➢ Only photons with energies exactly equal to the energy difference
between the two electron states will be absorbed
➢ Since different chemicals have different electron shells which are filled,
they will each absorb their own particular type of light
Energy required of photon
to give this transition:
DE = E1 - Eo
 


	10. Beer’s Law
➢ Absorbance  is useful since it is directly related to the analyte
concentration, cell pathlength and molar absorptivity.
➢ This relationship is known as Beer’s Law
bc
A 
=
where: A = absorbance (no units)
 = molar absorptivity (L/mole-cm)
b = cell pathlength (cm)
c = concentration of analyte (mol/L)
Beer’s lambert Law: The compounds to be
quantified by their ability to absorb light, Relates
directly (linear relation) to their concentration
 


	11. Calibration
➢ To measure  the absorbance of a sample, it is
necessary to measure Po and P ratio
- Po – the amount of light passing through the system
with no sample present
- P – the intensity of light when the sample is present
➢ Po is measured with a blank cuvette
- Cuvette contains all components in the sample
solution except the analyte of interest
➢ P is measured by placing the sample in the
cuvette.
➢ To accurately measure an unknown
concentration, obtain a calibration curve using
a range of known concentrations for the
analyte
 


	12. Calculation of concentration
A.  Measure the absorbance of standards containing
known concentrations of the analyte
B. Plot a standard curve with absorbance on the X axis
and analyte concentration on the Y axis
C. Measure the absorbance of the unknown(s)
D. Determine the concentration of material of interest in
the unknowns based on the standard curve
 


	13. 3.) Beer’s Law  measurement
➢ Absorbance (A) is the relative amount of light absorbed by
the sample and is related to transmittance (T)
- Absorbance is sometimes called optical density (OD)
)
(
)
( 100
/
T
%
log
T
log
P
P
log
A
o
-
=
-
=








-
=
A has a range of 0 to infinity
 


	14. Limitations in Beer’s  Law
➢ Results in non-linear calibration curve
➢ At high concentrations, solute molecules influence
one another because of their proximity
- Molar absorptivity changes
- Affect on equilibrium, (HA and A- have difference
absorption)
➢ Analyte properties change in different solvents
➢ Errors in reproducible positioning of cuvet
- Also problems with dirt & fingerprints
➢ Instrument electrical noise
Keep A in range of 0.1 – 1.5 absorbance units (80 -3%T)
 


	15. Types of spectrophotometers  according to
light beam sources
1- Single-beam spectrophotometer measures the relative light
intensity of the beam before and after a test sample is
inserted. The sample and blank are alternatively measured in
same sample chamber.
It is simpler than double beam type.
2- Double beam spectrophotometer, it compares the light
intensity between two light paths, one path containing a
reference sample and the other the test sample.
 


	16. Spectrophotometer types according  to design
1- Scanning spectrophotometers. It uses a single detector,
such as a photomultiplier tube or photodiode, the grating
is movable and can be scanned stepwise so that the
detector can measure the light intensity at each
wavelength (which will correspond to each "step").
2- Array spectrophotometers, Arrays of detectors such as
charge coupled devices (CCD) or photodiode arrays (PDA)
can also be used.
In such systems, the grating is fixed and the intensity of
each wavelength of light is measured by a different
detector in the array.
 


	17. Spectrophotometer types according  to light
type used
1- Visible VS light spectrophotometer. It uses tungsten lamp that gives visible
light waves of 400-700nm and uses plastic or glass cuvettes.
2- UV light spectrophotometer. It uses deuterium or hydrogen lamp that gives
ultraviolet light with wave length 200-760nm with quartz cuvettes.it measure
nucleic acids, protein and bacterial cell density. Single beam or double beam
which is used especially for turbid samples, high concentration and in
multicomponent samples. Split beam type available.
3- IR spectrophotometer. It uses the infra red light waves >760nm. It measures
organic samples of gas, liquid or solids. It measures smaller samples.
4- Fluorescence spectrophotometer. It is used widely in researches, it measures
flourence emmition from samples ro a molecular levels.
5- Atomic absorption spectrophotometer to measure trace elements in
solutions.
 


	18. Diagram of spectrophotometer
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