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Chapter 7: Atoms & Spectra

Prot. Evan Scannapieco
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7.1 Atoms

Electron

Cloud Nucleus




Atomic Terminology

e Atomic Number = # of protons in nucleus

e Atomic Mass Number = # of protons + neutrons

Helium (*He) Carbon (*C)

atomic number = 1 atomic number = 2 atomic number = 6

atomic mass atomic mass atomic mass
number = 1 number = 4 number = 12

(1 electron) (2 electrons) (6 electrons)
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Atomic Terminology

e Atomic Number = # of protons in nucleus

e Atomic Mass Number = # of protons + neutrons

Hydrogen ('H) Helium (*He) Carbon (**C)

atomic number = 1 atomic number = 2 atomic number = 6

atomic mass atomic mass atomic mass
number = 1 number = 4 number = 12

(1 electron) (2 electrons) (6 electrons)

* Molecules: consist of two or more atoms (H,O, CO,)




Atomic Terminology

* [sotope: same # of protons but different # of
neutrons. (*He, *He)

Isotopes of Carbon

carbon-12 carbon-13 carbon-14
: . -
‘ b
1§)C 11,"%C I-'IC
(6 protons (6 protons (6 protons

+ 6 neutrons) + / neutrons) + 8 neutrons)




How 1s energy stored in atoms’?

Excited States

Ground State

e Electrons in atoms are restricted to particular
energy levels




Energy Level Transitions

e The only allowed
changes 1n energy
are those
corresponding to a
transition between
energy levels

Not Allowed Allowed
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Three Types of Spectra

Show Continuous Spectrum

-~

The light bulb produces light
with a continuous spectrum

I Show Emission Line Spectrum

The cloud also emits its own light, but only at
specific wavelengths determined by its composition

The spectrum shows a
smooth, continuous
rainbow of light.

A graph of the spectrum
Is also continuous,
notice that intensity
varies slightly at
different wavelengths.

We see bright emission
lines at specific
wavelengths (color), but
no other light.

The graph shows an
upward spike at the
wavelength of each
emission line.

Show Absorption Line Spectrum

The cloud absorbs light at specific
wavelengths determined by its composition

We see dark absorption
lines where the cloud
has absorbed lights of
specific wavelengths
(colors).

The graph shows a dip
in intensity at the
wavelength of each
absorption line.




Continuous Spectrum

e The spectrum of a common (incandescent) light
bulb spans all visible wavelengths, without
interruption




Thermal Radiation

 Nearly all large or dense objects emit thermal
radiation, including stars, planets, you...

e An object’ s thermal radiation spectrum depends
on only one property: its temperature




Properties of Thermal Radiation

. Hotter objects emit more light at all frequencies per
unit area.

. Hotter objects emit photons with a higher average
energy.




Three Types of Spectra

Show Continuous Spectrum

-~

The light bulb produces light
with a continuous spectrum

I Show Emission Line Spectrum

The cloud also emits its own light, but only at
specific wavelengths determined by its composition

The spectrum shows a
smooth, continuous
rainbow of light.

A graph of the spectrum
Is also continuous,
notice that intensity
varies slightly at
different wavelengths.

We see bright emission
lines at specific
wavelengths (color), but
no other light.

The graph shows an
upward spike at the
wavelength of each
emission line.

Show Absorption Line Spectrum

The cloud absorbs light at specific
wavelengths determined by its composition

We see dark absorption
lines where the cloud
has absorbed lights of
specific wavelengths
(colors).

The graph shows a dip
in intensity at the
wavelength of each
absorption line.




Thought Question
Which 1s hotter?

a) A blue star.
b) A red star.

c) A planet that emits only infrared light.




Emission Line Spectrum
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Emission Line Spectrum

e A thin or low-density cloud of gas emits light only at
specific wavelengths that depend on its composition and
temperature, producing a spectrum with bright emission
lines




Three Types of Spectra

Show Continuous Spectrum
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The light bulb produces light
with a continuous spectrum

I Show Emission Line Spectrum

The cloud also emits its own light, but only at
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Show Absorption Line Spectrum

The cloud absorbs light at specific
wavelengths determined by its composition
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lines where the cloud
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How does light tell us what
things are made ot?
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Spectrum of the Sun




Chemical Fingerprints

e Each type of atom
has a unique set of
energy levels

Each transition

corresponds to a

unique photon

energy, frequency,

and wavelength
Energy levels of Hydrogen




Chemical Fingerprints

e Downward
transitions produce
a unique pattern of
emission lines




Chemical Fingerprints
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nyarogen lines

e (Observing the fingerprints in a spectrum tells us
which kinds of atoms are present




Chemical Fingerprints

helium

sodium

neon

 Each type of atom has a unique spectral fingerprint




Absorption Line Spectrum

Absorption Line Spectrum

e A cloud of gas between us and a light bulb can absorb light
of specific wavelengths, leaving dark absorption lines in
the spectrum




Chemical Fingerprints

* Because those
atoms can absorb
photons with those
same energies,
upward transitions
produce a pattern
of absorption lines
at the same
wavelengths
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Energy Levels of Molecules

rotation vibration

b x @

" D d

e Molecules have additional energy levels because
they can vibrate and rotate




Energy Levels of Molecules

] }

 The large numbers of vibrational and rotational
energy levels can make the spectra of molecules very
complicated

e Many of these molecular transitions are in the
infrared part of the spectrum




Three Types of Spectra

Show Continuous Spectrum
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The light bulb produces light
with a continuous spectrum

I Show Emission Line Spectrum

The cloud also emits its own light, but only at
specific wavelengths determined by its composition

The spectrum shows a
smooth, continuous
rainbow of light.

A graph of the spectrum
Is also continuous,
notice that intensity
varies slightly at
different wavelengths.

We see bright emission
lines at specific
wavelengths (color), but
no other light.

The graph shows an
upward spike at the
wavelength of each
emission line.

Show Absorption Line Spectrum

The cloud absorbs light at specific
wavelengths determined by its composition

We see dark absorption
lines where the cloud
has absorbed lights of
specific wavelengths
(colors).

The graph shows a dip
in intensity at the
wavelength of each
absorption line.




Which letter labels absorption lines?




Thought Question

Which letter(s) labels emission lines?




What 1s this object?

Reflected Sunlight:
Continuous spectrum of
visible light is like the
Sun’ s except that some
of the blue light has been

absorbed - object must
look red




What 1s this object?

Thermal Radiation:
Infrared spectrum peaks
at a wavelength
corresponding to a
temperature of 225 K




What 1s this object?

Carbon Dioxide:
Absorption lines are the
fingerprint of CO, 1n the
atmosphere




What 1s this object?

Ultraviolet Emission Lines:
Indicate a hot upper
atmosphere




What 1s this object?




