NWHS Chemistry Electromagnetic Packet Unit 3 Name _________________________________________________        

Big Idea
Quantum theory provides a foundation for the atomic model and the understanding of electron behavior and arrangement.
Core Concepts
· Electrons are arranged in main energy levels (1-7) with sublevels (s, p, d, f, g, h…..) that specify particular shapes and geometry

· Evidence for the movement of electrons between different energy levels can be observed through absorption and emission spectra
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C2.4d: The Electromagnetic Spectrum: How light travels
The spectrum is the arrangement of all the various forms of electromagnetic radiation in order of decreasing wavelengths or increasing frequencies. 
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Examples of using electromagnetic radiation include listening to the radio, using a microwave oven, a remote control, or a cell phone. The bright lights of a neon sign, getting an x-ray, or even a rainbow are also examples of electromagnetic radiation. All of these are different examples of light energy known as electromagnetic radiation that travels as waves through space. Visible light at wavelengths from 700 to 400 nm is the only form of light our eyes can detect. The longer the wavelength, the lower the energy is. The wavelength is the distance from one peak to another and the frequency is the number of waves that pass a certain point in 1 second. 
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C1.2i: The Wave-Mechanical Model 
String Theory: Quantum Mechanics 
In the early 1920’s it was becoming apparent that there were some difficulties with the Bohr model of the atom. One difficulty was that Bohr used classical physics to calculate the orbits of the hydrogen atom but this could not be used to explain the ability of electrons to stay in only certain energy levels without the loss of energy. The Bohr model could also not be used to explain that the only change of energy occurred when an electron “jumped” from one energy level to another and could not exist in the atom at any energy level between these levels. In short classical physics could be use to explain how a baseball travels in three dimensional space but it could not be used to explain how an electron travels in three dimensional space, at the subatomic level; the level of the atom. A new approach to the laws governing the behavior of electrons inside the atom was needed and such an approach was developed in the 1920’s by the combined work of many scientists. Their work dealt with a more mathematical model usually referred to as quantum mechanics or wave mechanics. 

C1.2i, C4.8h, C4.8i: Quantum Mechanics: Electrons Particles or Waves? 

Like light, electrons have properties of both waves and particles (matter). Because a wave extends in space in all directions, its location is not precisely defined. In 1927 Werner Heisenberg stated what is now called the uncertainty principle. This principle states that it is impossible to know both the precise location and precise momentum of an electron at the same time. Heisenberg along with Erwin Schrodinger developed the complex equations that describe the wave mechanical model of the atom. The solution of these equations gave specific wave functions called orbitals. These were not at all related to the Bohr orbits. The electron was not moving in a circular orbit in this model but contained within highly specific regions called orbitals. The best that can be done is to calculate a probability of finding an electron within these orbitals (s, p, d, and f). 

Practice Skill: 
1. Visible light contains colors from red to violet.
	a. What color has the shortest wavelength? ______________________________

	b. What color has the lowest frequency? ________________________________

2. Arrange the following in order of increasing frequencies: X-rays, ultraviolet light, FM radio waves, and microwaves. 


_____________________________________________________________________________________






[bookmark: _GoBack]3. How does light with a wavelength of 100 nanometers (nm) compare to light with a wavelength of 800 nm?

	A. The 100-nm light has a higher frequency and lower energy than the 800-nm light.
	B. The 100-nm light has a higher frequency and higher energy than the 800-nm light.
	C. The 100-nm light has a lower frequency and lower energy than the 800-nm light.
	D. The 100-nm light has a higher frequency and higher energy than the 800-nm light.

4. Which statement regarding red and green visible light is correct?

A. The speed of green light is greater than that of red light.
      B. The wavelength of green light is longer than that of red light.
C. The energy of green light is lower than that of red light.
D. The frequency of green light is higher than that of red light.

5. The difference between visible light and x- rays is that

A. the amplitude of visible light is greater.       C. they travel through a different medium.	
B. the speed of X rays is greater.		         D. the frequency of X rays is greater.

6. The quantum mechanical model of the atom describes the probability of finding an electron in a region of space around the nucleus. Why is the term “probability” used?

A.  The term is used due to the spin of an electron.	
B.  The model does not define the exact path an electron takes.	
C.  The model defines the speed and position of an electron.	
D.  The quantum mechanical model is primarily mathematical.

7. Which statement best describes the location of an electron in an atom?

	A. The electron is found somewhere within an electron “cloud” since the electron
                 is in constant motion.
	B. The electron is found at a single point in one of the electron’s orbitals 
                surrounding the nucleus.
	C. The electron is found either in the center of the atom or in the outermost
                 energy level.
	D. The electron is found in constant vibrating motion inside the nucleus.
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8. The above diagram depicts a hydrogen atom. Schrodinger developed the probability function for the hydrogen atom. The probability function describes a cloud like region surrounding the nucleus of an atom where

	A. an electron is likely to be found.	
	B. a proton may be found.	
	C. the Aufbau principle exists.	
	D. a neutron can be found.

References:
http://wwnorton.com/college/astronomy/astro4/ch/05/quiz.aspx
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In the nineteenth century, the Scottish physicist James Clerk Maxwell discovered that a
charged particle creates an electric field. The field points away from the particle if the particle
is positive and toward the particle if the particle is negative.

Because the electric field points directly
away from or toward a charged particle
depending on the charge, the force that a
second charge feels from the first charge
is either directly away from or directly
toward the first charged particle.

electric field —.
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If the first charged particle moves, we might expect the force on the second particle to
change immediately so that it points away from the new position of the first particle.

But immediately after the first charge moves,

there is no change in the force felt by the
second charge.
o /o/

— ) —
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Only after the instantaneous change in the electric field from the first particle reaches the
second particle does the second particle feel the change in location of the first particle. Based
on this discovery, Maxwell stated that a changing electric field causes a magnetic field and
that a changing magnetic field causes an electric field. The changes “feed” on themselves.
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This constant cause and effect generates an accelerating charged particle, which gives rise
to an electromagnetic wave. An oscillating electric charge produces electromagnetic waves
that travel outward through space at the speed of light.

direction of the
wave's electric field
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This is similar to what happens when a fish pulls downward on a fishing cork floating on the
surface of water. The downward pull on the cork generates waves that move outward across
the water’s surface. Like the cork producing waves, matter can emit light in the form of
electromagnetic waves. In fact, as we'll see, visible light is just one form of electromagnetic
radiation.
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An electromagnetic wave has four properties: wavelength, frequency, speed, and amplitude.
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The amplitude of a wave is the maximum excursion from its undisturbed or relaxed position.
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The number of wave crests passing a point in space each second is called the
wave's frequency. The unit of frequency is cycles per second, which is generally
referred to as hertz (Hz).

frequency: 16
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The distance that a wave travels during one complete oscillation is called the “wavelength.”
An oscillation is the distance from one wave crest to the next, or the distance from one wave
trough to the next.
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The speed of light is a constant. In a vacuum, all light travels at about 300,000 km/s, which
is about 186,000 miles per second.

speed of light is 300,000 km/s
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The whole range of wavelengths of light is collectively referred to as the
“electromagnetic spectrum.” Visible light, the light that we can see, is only a small
section of the electromagnetic spectrum.
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Wavelengths of light that are almost but not quite visible are called “infrared,” which we
perceive as heat, and “ultraviolet,” the light that causes a sunburn. Remember that the
shorter the wavelength, the higher the energy. So gamma rays have a high amount of

energy, and radio waves have a low amount of energy.
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Which of these ranges of electromagnetic radi
wavelengths?

ion has the longest

A. © visible light
B. © X-rays
C. © infrared radiation

D. O radio waves
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Which of these ranges of electromagnetic radiation has the shortest
wavelength?

A. © visible light
B. © X-rays

C. © infrared radi

D. © ultraviolet radiation




image18.png
As light's wavelength decreases, its

A. © frequency increases.
B. © frequency decreases.
C. © speed increases.

D. © speed decreases.
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The frequency of a wave is defined as the

A. © maximum excursion from the undisturbed position.

B. © number of wave crests passing a pointing space each
second.

C. © time of duration for one cycle.

D. © force of a wave as the wave crest passes.
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Light is a means of transporting

A

B.

© matter.
© energy.
© force.

© charge.
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Light can be generally described as

A. © an electromagnetic wave.

B. © a sound wave.

C. © a shower of particles with mass.

D. © a set of waves with mass.
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Now that we've looked at light as a wave, let's look at it as a particle. Scientists working in
the late nineteenth and early twentieth centuries discovered that many puzzling aspects of
light could be better understood if light energy came in discrete packages. According to this
model, light is made up of particles called “photons,” which carry energy and always travel
at the speed of light. Remember that wavelength and energy are connected.

particle
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The intensity of light is an expression of the total amount of energy that a beam of light
carries. A beam of red light can be just as intense as a beam of blue light. But because the
energy of a red photon is less than the energy of a blue photon, it takes more red photons
than blue photons to reach the same intensity.

equal intensity
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When physicists speak of light energy as existing in discrete packets called “photons,” they
are saying that the light energy is “quantized,” which means that it is divided into discrete
units. A photon is referred to as a “quantum” of light. When discussing how light interacts
with matter, physicists find it easier to think of light in terms of quantized particles.

electron cloud

photon
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As we've seen, it is easy to think of light in either of the two forms that we've discussed, and
it is understandable why the debate has continued for centuries. So, what do you think: is
light a wave or a particle?

wave particle
W\/\/\/ ®

The answer is Both! According to Albert Einstein’s equation, light can be thought of as either
a particle or a wave depending on the particular situation. Isn't it nice when nature is so
flexible?"

E = mc?
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The lowest possible energy state of an atom is called the ground state. Allowed states
with energy above the ground state are called excited states. When the atom is in its
ground state, it has nowhere to go. An electron cannot “fall” into the nucleus because
there is no allowed state there with less energy for it to occupy. It cannot move up to a
higher energy state without getting some extra energy from somewhere.
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An atom in an excited state might decay down to a lower state by getting rid of some of its
energy. When the transition from one state to another occurs, the energy difference
between the two states must be carried off all at once. A common way to do this is to give
off a photon. However, the photon emitted must carry away exactly the amount of energy
lost by that atom.
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As we learned in another module, energy and frequency are related: the higher the
energy, the higher the frequency. And we also learned that higher frequencies also mean
shorter wavelengths.

higher frequency
shorter wavelength

energy

lower frequency
longer wavelength

energy
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This shows that the wavelengths of photons emitted by an atom—the color of the light that
the atom gives off—are determined by the energy-level structure of the atom. An atom can
emit photons with energies corresponding only to the difference between two of its allowed
energy states.
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Let’s say we have a cloud of atoms that have only one energy level above the ground state.
If the electrons in these atoms all decay from the excited state to the ground state, then
these atoms will lose energy and radiate that energy away in all directions. Because the
energy from each of these atoms is the same (they all have the same energy levels), all of
the photons emitted from the cloud will be the same color.
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If we were to use a telescope to capture the light from this cloud and then use a prism to
refract the light onto a screen, we would get a single bright line of the same color produced
from the energy loss in the atoms.

m

telescope slit

N

spectrum





image32.png
The process we have just described—the production of a photon when an atom decays to a
lower energy state—is referred to as emission. The bright, single-colored feature in the
spectrum of the cloud of gas is referred to as an emission line.
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The energy difference between the two levels is the same whether the atom is emitting a
photon or absorbing one, so the energy, as well as the frequency and wavelength, of the
photon involved will be the same in either case.

photon with energy
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If we shine photons of all different wavelengths through the gas from one side, almost all of
these photons will pass through. But the photons with exactly the right amount of energy
will be absorbed by the atoms in the cloud.

White light contains Photons with energy
all different wavelengths. E> — Ei are absorbed.

light source

Remaining photons
pass through cloud.
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If we gather the light that has passed through the cloud and refract it through a prism, we’ll
find all of the colors of the spectrum except for the color that was absorbed by the atoms.

Photons with energy
E2 — E; are absorbed.

tel
light source elescope

Spectrum contains all colors
of the rainbow except the
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The process of atoms capturing the energy of passing photons is referred to as absorption,
and the dark feature seen in the spectrum is called an absorption line.
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Of course, real atoms have multiple energy levels that can absorb or emit photons. But, the
most important thing to remember is that each element and compound in nature absorbs
and emits light differently than all other elements and compounds. This creates a
“fingerprint” of each unique substance.
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Astronomers use these unique absorption and emission
spectra to determine what objects in space are €omposed of.
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Because light can travel over such long
- distances, if astronomers can see it, then they
can usually determine what it is made of.
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How do we get most of our knowledge about our universe?

A. © through hands-on experimentation
B. © through observation of light from astronomical objects

C. ©as aresult of space travel to distant stars

D. © through chemical analysis of rocks from astronomical
objects
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The energy of light is proportional to its

A

B.

© intensity.
© frequency.
© speed.

© Al the possible answers are correct.
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From the absorption lines in the spectrum of a cloud, it is possible to
determine the

A. © cloud’s temperature.
B. © type of atoms in the cloud.
C. O distance between us and the cloud.

D. O size of the cloud.
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When an atom’s energy decays from an excited state to a lower state,

A. © it emits a photon of light.
B. © its temperature increases.
C. Ot loses an electron.

D. © it absorbs a photon of light.
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Which of the following photons of electromagnetic radiation carry the highest
energy?

A. © visible light
B. © X-rays
C. © gamma rays

D. O radio waves
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Our model of the atom today represents the electrons as clouds surrounding
the nucleus. This is a result of the fact that

A. © electrons have wave properties, and their location and
momentum cannot be known exactly.

B. © electrons are orbiting the nucleus in well-defined orbits,
like a miniature solar system.

C. O electrons are very short-lived particles that are constantly
annihilated.
D. © electrons do not have wave properties since they are

particles, not radiation.
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The nature of light, has been
debated for many centuries.
Even great scientists such as
Isaac Newton and Albert
Einstein have contributed to
the debate.

Sir Isaac Newton

Albert Einstein
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Is light a wave, a disturbance that travels from one point to another?
Or is light a particle, a discrete package of energy?

wave

particle
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Let's begin with the concept of light as a wave.




