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How color tells us about atoms

A ic Spectrum



White light is made up of all the colors of the visible spectrum.
Passing it through a prism separates it.

By heating a gas or with electricity we can get it to give off colors.
Passing this light through a prism does something different.

Each element gives off its own characteristic colors.
Can be used to identify the atom. How we know what stars are
made of

*These are called line spectra
eunique to each element.

*These are emission spectra
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Bohr Model

e electrons exist only in orbits with specific amounts
of energy called energy levels

e Therefore...

e electrons can only gain or lose certain amounts of
energy

* only certain photons are produced



Bohr Model

- Energy of photon depends
on the difference in energy
levels

- Bohr’s calculated energies
matched the IR, visible, and
UV lines for the H atom




Other Elements

- Each element has a unique bright-line emission
spectrum.

i.e. “Atomic Fingerprint”

Helium

Bohr’s calculations only worked for hydrogen! ®



Bohr’s Experiment
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Hydrogen Spectral Lines
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http://en.wikipedia.org/wiki/Hydrogen_spectral_series

Hydrogen Spectral Lines

Bohr’s model of the atom accounted mathematically for the energy of each of the transitions shown.
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The Hydrogen Atom

 The energies of the stationary states
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R. is the Rydberg constant.




Transitions in the Hydrogen Atom

Energy (eV)

Binding energy (eV)

0 0
—0.38 n=06 0.38
b= fist i
—0.85 n=4 0.85
~1 51—l (,-I n=3 1.5]

Bulmcr{ Pag.hcn
. series
series
—3.40 7111 n=2 3.40
Lyman

series

—13.6 n=1 13.6

© 2006 Brooks/Cole - Thomson

Lyman series

The atom will remain in the excited
state for a short time before
emitting a photon and returning to a
lower stationary state. All hydrogen
atoms exist in n = 1 (invisible).

Balmer series

When sunlight passes through the
atmosphere, hydrogen atoms in
water vapor absorb the wavelengths
(visible).
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Electronic Transitions in the Excited Hydrogen Atom
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Discovery of X-rays

November 11, 1895,
Wilhelm Conrad
Roentgen

First Nobel prize in
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December 22, 1895
photograph of Anna Rontgen’s hand




Electromagnetic spectrum

Electromagnetic Spectrum

- X-rays are electromagnetic radiation of exactly the same nature as light
but of very much shorter wavelength

( Radio ] [ Microwave ] [ infrared ) [ Visible ] (Ultraviolet ] [ Xwray ] [Gamma Ray)

- 1 1 — 1073 10>—-10% 8x1074x107 3x10 102 108 _ 1012 1071 2ccca. >
Wavelength in meters

Atormdo Nuclel

Gratirns of Suger Protozoans Bacteria Molecules Atoms

Unit of measurement in x-ray region is A and nm.
1A =1019m, 1 nm=10A = 102 m

X-ray wavelengths are in the range 0.5 — 2.5 A.
Wavelength of visible light ~ 6000 A.
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4.6: Characteristic X-Ray Spectra and Atomic Number

e Shells have letter names:
Kshell forn=1
L shell for_n =2

* The atom is most stable in its ground state.

— An electron from higher shells will fill the inner-shell
vacancy at lower energy.

 When it occurs in a heavy atom, the radiation emitted is an x ray.

* It has the energy E (x ray) = E, - E,.
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* Atomic number Z = number of protons in the nucleus.
* Moseley found a relationship between the frequencies of the characteristic x ray and Z.
This holds for the K, x ray.

fe, =R -1y



Moseley’s Empirical Results

 The x ray is produced from n = 2 to n = 1 transition.

* |n general, the K series of x ray wavelengths are

ZL:R(Z‘DZ[I‘lzj:R(Z‘Dz(l‘12)
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Moseley’s research clarified the importance of the electron shells for all the elements, not
just for hydrogen.



4.7: Atomic Excitation by Electrons

* Franck and Hertz studied the phenomenon of ionization.
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Accelerating voltage is below 5 V.
—— electrons did not lose energy.

Accelerating voltage is above 5 V.
— sudden drop in the current.









