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IA Lesson on Spectroscopy continued

Practice Problems

1. The ratio of I, to I for a particular sample is 3:1. What would be the
absorbance reading given by the sample?

2. What would be the percent transmittance of the sample mentioned in
item 1?

3. What would be the absorbance reading of a sample that had a percent trans-
mittance of 80.%?

4. At a wavelength of 490 nm, one sample of a solution has an absorbance of
0.27 and a second sample has an absorbance of 0.81. The sample with the
absorbance of 0.81 is found to have a molar concentration of 0.54 M. What is
the molar concentration of the sample with the 0.27 absorbance?
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A Lesson on Spectroscopy

You enter your chemistry laboratory and find a note left by your research
assistant that reads, “Use these for your analysis.” There are two flasks
containing yellow solutions nearby. One is labeled with the concentration
but does not state the identity of the chemical compound, and the other is
labeled with the identity of the chemical compound but not the concentra-
tion. How would you determine the identity of the first solution and the
concentration of the second solution?

BACKGROUND

The technique known as spectroscopy was perfected in the 1850s and was pub-
licly announced to the scientific community in 1859. The fundamental principle
behind spectroscopy is that each element will emit or absorb a different pattern
of electromagnetic waves. Spectroscopy was first used as a means of identifying
chemical elements.

The range of light waves (electromagnetic spectrum) emitted by an element -
heated to incandescence consists of a set of bright lines at wavelengths unique to
that particular element. When white light passes through a gas containing the
same element, the spectrum produced has dark lines at exactly the same wave-
lengths as a spectrum produced by incandescence. In either case, as the amount
of the element present increases, the intensity of the bright lines increases or the
dark lines become darker.

SPECTROPHOTOMETRY: VISIBLE-LIGHT SPECTROSCOPY

Spectroscopy also works on liquid solutions of pure substances, which absorb
electromagnetic radiation only at certain wavelengths. Spectrophotometry is a
type of spectroscopy that relies on the absorption of electromagnetic radiation, at
or near the range of visible light, at specific wavelengths through a certain sub-
stance, often a substance in solution. So, using spectrophotometry to analyze a
solution requires a source of light that can be adjusted to a known wavelength
and a means of measuring the intensity of thé light after the light has passed
through the solution.

A special type of test tube called a cuvette holds the solution being analyzed.
Cuvettes have flat parallel sides, and transimit light very uniformly. This way, the
conditions under which samples are analyzed can be as controlled as possible
from’one test to the next. On many spectrophotometers, you can set the meter to
display the measured light intensity as either percent transmittance, which is a
measure of how much light of the measured wavelength came through the solu-
tion, or as absorbance, which is the opposite: the amount of light that the solu-
tion absorbed, which did not pass through.
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I A Lesson on Spectroscopy continued

FIGURE 1 SPECTROPHOTOMETER SCHEMATIC
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A basic schematic of a spectrophotometer is shown above in Figure 1. A light
source, (&), emits light, which passes through a monochromator, or collimator,

(b). The monochromator filters the light so that only light of the desired frequency
will pass through the sample chamber, (c), containing a cuvette with the solution to
be tested. I in Figure 1 above represents the intensity of the light as it enters the
sample. The intensity of the light, I, is measured by a detector, (d). The difference
between I, and I is displayed on a meter, (e), as the absorbance, or transmittance,
depending on what the machine has been set to measure.

Absorbance, 4, is the logarithm of the ratio of the light intensity entering the sam-
ple, Iy, to the light intensity emerging from the sample, 1.
A =log (/D)

So, the more light a substance lets through, the closer I will be to Ip and the
lower the absorbance value will be. Note that absorbance is a number without
units and that it can have any positive value. The percent transmittance, %7, of a
solution is 100% multiplied by the ratio of the light intensity emerging from the
sample to the light intensity falling on the sample.

. %T = 100 x (/1)

The equation above reflects the fact that the more light that passes through the
sample, the higher the percent transmittance will be. Absorbance can be found
from percent transmittance using the equation below.

100%
A =log ( T )
After setting a certain wavelength and before taking measurements, a spectropho-
tometer must be calibrated by placing a cuvette containing the solvent used to
make the solution into the sample compartment. The spectrophotometer is then
set to read zero absorbance (or 100% transmittance). This cancels out any absorp-
tion by the cuvette or by the solvent itself and controls for any variation in light
intensity at different wavelengths. This calibration, or “zeroing out,” is done to
ensure that any light absorption measured by the spectrophotometer will be due
only to the substance being measured.
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I_A Lesson on Spectroscopy continued

FIGURE 2 ABSORPTION SPECTRUM OF A LEAF PIGMENT EXTRACT
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How to Use Spectrophotometry
IDENTIFYING A SUBSTANCE BY ABSORPTION CURVE

Spectrophotometry can be used to identify an unknown substance. If data is
taken for absorbance readings over a range of wavelengths and plotted as a graph
of absorbance versus wavelength, they produce an absorption curve that is char-
acteristic of that substance. An example of such an absorption spectrum is shown
in Figure 2 above. An absorption curve can be plotted for an unknown sub-
stance and compared with that of a known substarice suspected to be the same
as the unknown substance. If their absorption curves match, they are probably
the same. The height of the absorbance peaks may vary from sample to sample
based on concentration; the unique identifying factor, however, is the wavelength
at which these peaks occur in an absorption spectrum.

MEASURING CONCENTRATION BY USING BEER’'S LAW

A spectrophotometer can also be used to measure concentration. The relation-
ship between absorbance and concentration is Beer’s law, which can be
expressed as A = abC, where A is the measured absorbance of the solution,.a is
the absorptivity of the substance, b is the length of the light path through the
substance, and C is the concentration of the substance in solution. Absorptivity,
a, is a constant for a given substance, and b is a constant for a given spectropho-
tometer. This means that a and b can simply be disregarded during an experiment
using the same substance in solution and the same spectrophotometer.
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| A Lesson on Spectroscopy continued

This leaves a simple proportionality between absorbance and concentration:

A< C.
This equation reflects the simple linear relationship between absorbance and con-
centration: the more concentrated a solution, the more light it will absorb (and )
the darker it will appear). .
To use spectrophotometry to determine the concentration of a substance, it is
necessary to compare measurements to a standard curve. To create such a curve,
you measure the absorbance of solutions of known concentrations at the sub-
stance’s wavelength of maximum absorption. Absorbance is usually used instead
of percent transmittance because absorbance is directly proportional to concen-
tration and thus should result in a straight line, whereas transmittance is not.
These data are plotted to produce a plot of absorbance versus concentration, an
example of which is shown below in Figure 3.

A straight line is drawn through the data points as best as it can fit them: this
reflects the linear relationship of absorbance versus concentration stated by
Beer’s law. The line must also pass through the origin of the plot, reflecting the
fact that zero concentration must result in zero absorbance. Note that the individ-
ual data points may deviate slightly in either direction from the line. Data points
often do not fit a line exactly because of errors that occur in procedure and
measurement. However, if a straight line fit is possible, the plot can be used to
determine unknown concentrations. Beer’s law is only valid for absorbance val-
ues between 0.1 and 1. Beyond that range, inaccuracies tend to invalidate

Beer's law.

FIGURE 3 AN EXAMPLE OF A BEER'S LAW STANDARD GRAPH
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IA Lesson on Spectroscopy continued

After a plot is done, the absorbance value of the unknown is determined using
the same wavelength as the one used for the known concentrations. The concen-
tration of the unknown can then be found by interpolating on the straight line in
the standard plot. What this means is that after you take an absorbance reading
of the unknown solution, you find where that absorbance occurs on the Beer's
law plot. Then, you trace down to the z-axis from that point on the line to find
the concentration that would be expected to provide that absorbance. For exam-
ple, from the Beer’s law graph in Figure 3, from an absorbance reading of 0.34,
you would interpolate a concentration value of about 0.0225 M.

IDENTIFYING A SUBSTANCE BY PARTICLE SETTLING RATE CURVE

A solid such as soil suspended in a liquid produces a condition called turbidity:
this means that the liquid will appear cloudy. The cloudy appearance is the
result of light reflected in random directions by the solid particles and light
being absorbed by the solid particles. The amount of light that passes through*
such a liquid is a function of the amount of solid material suspended in the lig-
uid. Spectrophotometry can therefore be used to measure absorbance in such a
mixture.

Because much of the light passing into a turbid liquid is scattered rather than
absorbed, the absorption spectrum produced is relatively flat with few, if any,
peaks. An identifying absorbance curve, with peaks at various wavelengths,
therefore cannot be obtained for a suspension as it can for a solution. Recall that
a suspension is not a stable mixture: after having been mixed, it settles out upon
standing. The turbidity of a suspension of a solid in liquid is related to how thor-
oughly it is mixed. Therefore, after you mix a suspension and measure its turbid-
ity in a spectrophotometer, the rate of the mixture’s settling can be measured by
taking several absorbance readings over time.

As you have learned, density is a good way to identify a substance or compare
two substances to see if they are the same. The speed at which the particulate
substance in the water settles to the bottom of a container after being shaken up
is also related to its density. Exact density determinations are hard to obtain in
this way, but a settling rate curve can be used to compare two solids to see if
they have the same density.
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I_A Lesson on Spectroscopy continued

Topic Questions
1. If a substance has low absorption, will its transmittance be low or high?
Explain your answer.

2. You have two solutions of copper sulfate, one a deep blue and the other much
paler. Is the first or second likely to be more concentrated? Is the first or
second likely to have higher absorbance?

3. Two absorbance curves have peaks at the same wavelength, but all of the
absorbance values are greater on one of the two curves. Are the two curves
plots of the same substance? Explain.

4. Why are absorbance values used instead of percent transmittance values
- when determining the concentration of a substance in solution?

5. You have two soil samples, both of the same particle size, and you want to
compare them to see if they might have come from the same place. How
might spectrophotometry be used to accomplish this?
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