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Obj:  Determine the photon energy in Joules and the quantum number of the electrons returning to n = 2 (Balmer Series) in the hydrogen atom.

Introduction


ADVANCE \d 4The spectrum of hydrogen is particularly important in astronomy because most of the Universe is made of hydrogen. Emission or absorption processes in hydrogen give rise to series, which are sequences of lines corresponding to atomic transitions, each ending or beginning with the same atomic state in hydrogen. Thus, for example, the Balmer Series involves transitions starting (for absorption) or ending (for emission) with the first excited state (n=2) of hydrogen, while the Lyman Series involves transitions that start or end with the ground state (n=1) of hydrogen.  Because of the details of hydrogen's atomic structure, the Balmer Series is in the visible spectrum and the Lyman Series is in the UV.   The Balmer lines are designated by H with a greek subscript in order of decreasing wavelength. Thus the longest wavelength Balmer transition is designated Hα, the second longest Hβ, and so on.  The absolute energies in joules of each energy level can be determined using the equation:

E   =  -2.178 x10-18 Joules/ n2
Materials:   H2 gas tube, spectrometer

Methods & Analysis 

(Note: run the spectrum tube for no more than 30 seconds with 30 seconds cooling period.)
1.  Looking into the spectrometer of ionized hydrogen gas, estimate the λ of the red, blue, and violet bright lines to the nearest 10 nm.  [Note: 5000 Angstroms = 500 nm and 1 nm = 1 x 10-9 m]

2.  Calculate for each color the energy (E = hν = hc/λ) of the photon in Joules.

3.  Compare your energy calculations with the energy differences shown in various references.  Account for any discrepancies.  What do these energy differences indicate?

4.  Prepare a table of absolute energies for n = 1-7.  For each visible photon observed, determine the quantum number n from which it returned to the n = 2 of hydrogen.

5.  Which color has the highest energy?  the shortest λ ?  

6.  Determine the minimum wavelength in the Balmer Series by assuming n = ∞.  Is this visible?

7.  Summarize your observations and discuss in a substantial paragraph their importance with quantum chemistry.
