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Exploration 3D: How does starlight rearrange the electron of hydrogen?

In 1913, Niels Bohr described a model for the hydrogen atom characterized by quantized energy
levels for the electron. These energy levels are given by:

2

2
E,=(-2.178x10™" J)(Z ) (Eq.3D-1)
n

where n represents the energy level numbered fromn=1ton="1.

1. Using Eq. 3D-1, complete thetable for thefirst six energy levels of thehydrogen atom.
Calculate the energy both in Joules (J) and electron volts (eV).

Table 1. Energies calculated for the first six energy levels for the hydrogen atom.

Level 72 Energy (J) Energy (eV)
nZ lev =1.602x 10™J
n=1 1
n=2 Y,
n=3 s
n=4 Y
n=>5 Y
n==6 Yss

2. Onthenext page, sketch aladde of theenergy levelsin the hydrogen atom. Represent each
energy level with ahorizonta line placed at the appropriate energy (see vertical scale). Next
to each level, write thevalueof n. Notetha all energies are negative number relative to the
energy of zeroatn =" .

Part 1. The Hydrogen Spectrum

3. Usethehandhdd spectroscopeto observe the hydrogen spectrum in thevisible region. Sketch
theobserved spectral linesin theboxbdow. Indudea description of the color of each lineand
an estimate of thewavelength. Y ou should see 3-4 lines, althoughthe 4™ lineis very weak.
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Figure 1. Energy level diagram for the hydrogen atom. Each level is drawn at the appropriate energy and labeled

with the principle quantum number, 7.
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4. Aretheobsrved lines dueto absorption or emission of lightby hydrogen atoms? In terms of
energy levels, wha is hgppening to the electronsthat result in these spectral lines?

Part II: Energy Levels of Hydrogen

5. Thelinesin the hydrogen spectrum arise from transtionsof an electronfrom oneenergy level
to another. Thewavelength of the spectral lineisdirectly correlated to thedifferencein
energies of thetwo levelsinvolved in the electronic trangtion. Using theenergies of the
individud energy levels calculated in question 1, complete thefollowing table with the energy
differences (in J) between thelevels and the wavelengths observed from theresulting
electronic trangtions

AE = Ena DEja
|AE| = Ephoton = hv vA = ¢
h=6.626x 10*Js ¢ = 2998x 10° m/s

Table 2. Cadlculated absolute energy changes and spectral wavelengths for the hydrogen atom spectrum.

Initial energy level (n,)
6 5 4 3 2
|AE| (J) |AE| (J) |AE| (J) |AE| (J) |AE| (J)
A (nm) A (nm) A (nm) A (nm) A (nm)
= |1
-g 9398 nm 9518nm 9746 nm 1028 nm 1218 nm
> |2
(@)
o
8 9
e 3 1.815x10" J
TN 1096nm 1285nm 1880nm
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Part I11: Assigning Spectral Levels of Hydrogen

6. Record the wavelengths measured in question 3 into thetable bdow. Usingthewavelengthsin
Table 2 as aguide complete Table 3 by assigning the correct electronic trandtion to each
wavelength.

Table 3. Selected lines observed in the hydrogen atom spectrum and spectral line assignments.

Wavelength Assignment
(nm) i —— Ninal
97 4PbB1
103 3bbB1
122 2bbB1
1094
1282
1875

7. Return to your energy level diagram in Figure 1. Complete thisfigure by drawing avertical
arrow in thedirectionfrom E;,;, to E;;.4 t0 represent each electronic trandtionin Table 3.
Part IV: The Balmer Series

8. Theseries of spectral lines of the hydrogen spectrum tha occur in the visible region are named
the Balmer series. Looking at thedaain Table 3, wha feature dothe Bamer lineshavein
common?

9. Mog hydrogen atoms arein thar groundstate at typical temperatures, tha is, theelectronisin

then = 1level. For youto see Bamer absorptionlines, theelectron mug originaein ahighe
energy level, then = 2 level. How much energy isrequired to movean electronfromthen =1
groundlevel tothen = 2 level?



