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549Chapter 10 Spectroscopic Methods

When it absorbs electromagnetic radiation the number of photons pass-
ing through a sample decreases. The measurement of this decrease in pho-
tons, which we call ABSORBANCE, is a useful analytical signal. Note that the 
each of the energy levels in Figure 10.4 has a well-defined value because 
they are quantized. Absorption occurs only when the photon’s energy, hn, 
matches the difference in energy, DE, between two energy levels. A plot of 
absorbance as a function of the photon’s energy is called an ABSORBANCE 
SPECTRUM. Figure 10.5, for example, shows the absorbance spectrum of 
cranberry juice.

When an atom or molecule in an excited state returns to a lower energy 
state, the excess energy often is released as a photon, a process we call EMIS-
SION (Figure 10.4). There are several ways in which an atom or molecule 
may end up in an excited state, including thermal energy, absorption of a 
photon, or by a chemical reaction. Emission following the absorption of 
a photon is also called PHOTOLUMINESCENCE, and that following a chemi-
cal reaction is called CHEMILUMINESCENCE. A typical emission spectrum is 
shown in Figure 10.6.

Figure 10.5 Visible absorbance spectrum for cranberry juice. The 
anthocyanin dyes in cranberry juice absorb visible light with blue, 
green, and yellow wavelengths (see Figure 10.3). As a result, the 
juice appears red.

Molecules also can release energy in the 
form of heat. We will return to this point 
later in the chapter. 

Figure 10.6 Photoluminescence spectrum of the dye coumarin 
343, which is incorporated in a reverse micelle suspended in cy-
clohexanol. The dye’s absorbance spectrum (not shown) has a 
broad peak around 400 nm. The sharp peak at 409 nm is from 
the laser source used to excite coumarin 343. The broad band 
centered at approximately 500 nm is the dye’s emission band. 
Because the dye absorbs blue light, a solution of coumarin 343 
appears yellow in the absence of photoluminescence. Its photo-
luminescent emission is blue-green. Source: data from Bridget 
Gourley, Department of Chemistry & Biochemistry, DePauw 
University).
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MOLECULAR ABSORBANCE 
• As molecules contain many electrons, a 

wide range of electrons they can 
absorb light of many different 
wavelengths.

• For quantitative absorbance 
measurements we need to focus on a 
single wavelength related to the 
compound of interest.

• For the cranberry juice, the optimal 
wavelength to monitor would be at 
~525 nm.

Absorbance spectrum of 
cranberry juice
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MONOCHROMATOR 
COMPONENTS

• As most detectors do not 
differentiate wavelengths, 
so monochromators are 
used to select the 
wavelength of analysis.

• A diffraction grating 
separates the light into 
separate wavelengths and 
with proper angling, only 
the desired wavelength 
reaches the detector.

Figure 10
monochromator that uses a di
grating to disperse the radiation. 
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ABSORBANCE QUANTIFICATION
• Absorbance (or transmittance) 

measurements can be used to quantify 
the amount of an analyte.

• Beer’s Law is used to correlated 
concentration to absorbance 
measurements.

• 𝜺 is the molar absorptivity

• b is the path length

• C is the molar concentration

P0

(b)

P0 PT

(a)

Transmittance Absorbance

100% 0.00

60% 0.22

30% 0.52

10% 1.00

1% 2.00

Beer’s Law:



LIMITATIONS TO BEER’S LAW
• Beer’s law is effective, but it does encounter 

limitations that cause non-linear deviations in the 
absorbance signal.

• Limitations:

• Too high analyte concentration

• Refractive index change

• Equilibria variations

• Instrumental limitations
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Example 10.4
A 5.00 � 10–4 M solution of an analyte is placed in a sample cell with a 
pathlength of 1.00 cm. When measured at a wavelength of 490 nm, the 
solution’s absorbance is 0.338. What is the analyte’s molar absorptivity at 
this wavelength?

SOLUTION

Solving equation 10.5 for e and making appropriate substitutions gives

ε = =
×

=
−

−A
bC

0 338
1 00 10

6764
1.

( . cm)(5.00 M)
cm MM−1

Practice Exercise 10.4
A solution of the analyte from Example 10.4 has an absorbance of 0.228 
in a 1.00-cm sample cell. What is the analyte’s concentration?
Click here to review your answer to this exercise.

Equation 10.4 and equation 10.5, which establish the linear relation-
ship between absorbance and concentration, are known as the Beer-Lam-
bert law, or more commonly, as BEER’S LAW. Calibration curves based on 
Beer’s law are common in quantitative analyses.

10B.4 Beer’s Law and Multicomponent Samples

We can extend Beer’s law to a sample containing several absorbing compo-
nents. If there are no interactions between the components, the individual 
absorbances, Ai, are additive. For a two-component mixture of analyte’s X 
and Y, the total absorbance, Atot, is

A A A bC bCtot X Y X X Y Y= + = +ε ε

Generalizing, the absorbance for a mixture of n components, Amix, is

A A bCi
i

n

i i
i

n

mix = =
= =
∑ ∑

1 1

ε 10.6

10B.5 Limitations to Beer’s Law

Beer’s law suggests that a calibration curve is a straight line with a y-inter-
cept of zero and a slope of ab or eb. In many cases a calibration curve devi-
ates from this ideal behavior (Figure 10.23). Deviations from linearity are 
divided into three categories: fundamental, chemical, and instrumental.

FUNDAMENTAL LIMITATIONS TO BEER’S LAW

Beer’s law is a limiting law that is valid only for low concentrations of analyte. 
There are two contributions to this fundamental limitation to Beer’s law. At 

Figure 10.23 Calibration curves show-
ing positive and negative deviations 
from the ideal Beer’s law calibration 
curve, which is a straight line.
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