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5.3 Atomic Emission Spectra
and the Quantum
Mechanical Model
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The electromagnetic radiation emitted by excited electrons
returning to a lower energy level is unique for that particular element and is based on
differences in energy among energy levels in the atom.
Lesson Summary

Light and Atomic Emission Spectra When electrons lose energy, they emit light of
specific wavelengths when they return to lower energy levels.
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Each electromagnetic wave has a wavelength (λ) and a frequency (ν) related by the
equation c = λν, where c is the speed of light.

[image: image7.png]


When atoms absorb energy, their electrons move to a higher energy level.

[image: image8.png]


When excited electrons lose energy, they emit a unique set of light waves, known as the
atomic emission spectrum, for that element.

The Quantum Concept and Photons Photons are units of light that behave like
particles.
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Max Planck proposed that the energy of a body changes only in quanta, which are small,
discrete units.

Planck’s theory helped explain the photoelectric effect, which happens when electrons
are ejected from matter under certain wavelengths of light.

Quantum theory implies that light behaves both as a wave and as a particle.
An Explanation of Atomic Spectra The lines in an element’s atomic spectrum result
from electrons moving from a higher to a lower energy level.

The lowest energy level an electron occupies is its ground state.

The frequency of the light emitted when an electron drops from a higher energy level to a
lower one is proportional to the energy change of the electron.
Quantum Mechanics Quantum mechanics describes the motions of extremely small
particles, such as electrons, as waves.
Experiments confirm that light behaves both as waves and particles.
All moving particles act as waves, but larger objects have wavelengths too small to
observe.
The Heisenberg uncertainty principle states that it is impossible to know both the
velocity and the location of a particle at the same time.
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Sample Problem What is the volume of 622 g of lead if the density of lead is 11.3 g/cm3?

List the knowns and the unknown.

You know that g is a measure of mass, so 622 g is the mass of lead.

Solve for the unknown.




Now it’s your turn to practice solving algebraic equations. Answer the following questions.

1.
A football field that is 60 m wide and 110 m long is being paved over to make a parking
lot. The builder ordered 660,000,000 cm3 of cement. How thick must the cement be to
cover the field using 660,000,000 cm3 of cement? (Use the formula V = l × w × h.)
2.
X-rays are used to diagnose diseases of internal body organs. What is the frequency of an
X-ray with a wavelength of 1.15 × 10−10 m?
3.
What is the speed of an electromagnetic wave with a frequency of 1.33 × 1017 Hz and a
wavelength of 2.25 nm?
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After reading Lesson 5.3, answer the following questions.

Light and Atomic Emission Spectra

4.
Match each term describing waves to its definition.


 amplitude


 wavelength


 frequency

a.
the distance between two crests

b.
the wave’s height from zero to the crest

c.
the number of wave cycles to pass a given point
per unit of time
5.
The units of frequency are usually cycles per second. The SI unit of cycles per second is
called a(n) 
.
6.
Label the parts of a wave in this drawing. Label the wavelength, the amplitude, and the crest.

7.
The product of wavelength and frequency always equals a(n) 
,
the speed of light.

8.
Is the following sentence true or false? The wavelength and frequency of light are
inversely proportional.

9.
Light consists of electromagnetic waves. What kinds of visible and invisible radiation are
included in the electromagnetic spectrum?
10.
When sunlight passes through a prism, the different wavelengths separate into a(n)

of colors.
11.
Put the visible colors in order of increasing frequency.

	
 orange
	
 violet
	
 blue

	
 green
	
 yellow
	
 red


12.
Look at Figure 5.8. The electromagnetic spectrum consists of radiation over a broad band
of wavelengths. What type of radiation has the lowest frequency? The highest frequency?

13.
What happens when an electric current is passed through the gas or vapor of an element?
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14.
Passing the light emitted by an element through a prism gives the

 of the element.

15.
Is the following sentence true or false? The emission spectrum of an element can be the
same as the emission spectrum of another element.

16.
Only electrons moving from 
 to 

energy levels lose energy and emit light.

The Quantum Concept and Photons

17.
What did Albert Einstein call the quanta of light energy?

An Explanation of Atomic Spectra

18.
What is the lowest possible energy of an electron called?

Quantum Mechanics

19.
What does de Broglie’s equation predict about the behavior of particles?

20.
Is the following sentence true or false? Quantum mechanics describes the motions of
subatomic particles and atoms as waves.

21.
According to the Heisenberg uncertainty principle, it is impossible to know exactly both
the 
 and the 
 of a particle at the
same time.

22.
Does the Heisenberg uncertainty principle apply to cars and airplanes?

Essential Understanding





BUILD Math Skills





Algebraic Equations An algebraic equation shows the relationship between two�or more variables. Often, an equation must be solved for the unknown variable before�substituting the known values into the equation and doing the arithmetic.


Most equations can be solved if you remember that you can perform any�mathematical operation without destroying equality as long as you do it to both sides�of the equals sign.





KNOWNS�
UNKNOWN�
�
Mass (m) = 622 g�
(v) Volume�
�
Density (d) = 11.3 g/cm3�
�
�






Start with the formula.





Since you’re looking for v,�get v to one side. You do this by�multiplying both sides by � EMBED Equation.DSMT4  ���





Solve.
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