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Absorption vs. Emission

Absorption Emission

n: (higher) n_; (higher)

\\\> V\\>

n; (lower) n ¢ (lower)
Upward Transition: Downward Transition:
Electron moves from lower Electron drops from higher
(n_i) to higher (n_f) orbit. (n_1i) to lower (n_f) orbit.
Energy is absorbed. Energy is emitted.

Transition Logic: Moving from a higher orbit to a lower
orbit emits energy in the exact form of a photon
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Quantifying the Energy Difference o\

TopAll
_ Energy of the
! Final Orbit
AE = E; - E;
f —
1 _ Energy of the
) Initial Orbit
4 1
AE =2.18 x 107*° (—2 - —2) J
n; nf
Absorption Emission
Ifnf>n,; |fT11 >T1f
- AE is Positive (+) - AE is Negative (-)
—> Absorption -> Emission
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The Photon Link: Frequency A
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Energy Gap = AE

‘ + h (Planck’s constant, 6.626 x 10734 J s)

Photon Frequency - v

v =329 x 1015 ( > 12) Hz

n; nf
Combining Bohr's model with Planck’s theory allows us to
calculate the exact frequency of light emitted.
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The Wavenumber Relation TopAll

Wavenumber (v7) is the number of wavelengths per unit length (m=1)—the
standard unit for spectroscopy.

v =1.09677 x 10’ (—];- E —]l—) m-1

2 2
n; ¢
Initial and final principal quantum _ / Rydberg Constant
numbers (must be integers) for Hydrogen (R,))

This single empirical equation accurately predicts the position of every spectral line in the Hydrogen atom.




Origin of the Spectral Lines

B
Infrared
. ( ) A
Balmer Series

(Visible)

| Lyman Series
(Ultraviolet)

n=1

A large sample of hydrogen contains billions of atoms undergoing simultaneous,

random transitions—creating a complete spectrum of distinct lines.




A EXAM TRAP a
The ‘Negative Photon' Error

x When calculating an emission transition,
AE will be mathematically negative (since
E; < E). Students wrongly plug this
negative AE directly intov = AE / h.

o A physical photon cannot have negative
energy or negative frequency. The
negative sign on AE only indicates that
the atom lost energy.

Always use the magnitude (absolute
value) of the atomic energy change to
calculate the photon's properties.

Ephoton = |AE|

M Gemini Motebook




Key Takeaway TopAll

A spectral line is the exact optical
sighature of an electron transitioning
between two quantized energy states.

v Downward jump = Emission (Produces a bright line).
v Upward jump = Absorption (Produces a dark line).

v The Rydberg math perfectly matches the physical
observable spectrum.

End of Section 2.4.1 Summary | Hydrogen Line Spectrum
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