The particle-in-a-box or free electron model predicts that the transition energy of ethene is
109,060 cm™'. Fill in the table below with the energies for butadiene and hexatriene. One easy
way to do this is to determine the ratio of the transition energies of both butadiene and hexatriene
relative to ethene. Use those ratios to calculate the transition energies.

Molecule | L (A) | Ratio AE (cm™)
Ethene 2.89 1 109,060
Butadiene | 5.78 0.416 45,370
Hexatriene | 8.67 0.259 28,250

Solution: For ethene the transition is from 1 = 2, butadiene 2 = 3 and hexatriene 3 = 4.
The ground state quantum number is ng and the excited state quantum number is ne.
The general formula is:

Ethene
2
AE, = STTLL% (ng,e - nf],e)
Butadiene
2
AE, = m ("g,b - "f;,b)
Hextriene
2
AE, = m ("g,h - "f;,h)
AEy _ LZ ("g,h - "f;,h)
AEe L%l (ng,e - nﬁ,e)
The ratio
AE, Li(ngp—ng,) 2.892(3%—2%) 0.416
AE, L3(nZ,—n2,) 5.782(22—-12)
The h?/8m cancels. And likewise the ratio
AE, L%2(n%, —n? 2.892(42% — 32
h e( e,h g,h) _ ( ) = 0.259

AE,  L3(nZ,—n2,) 8.672(22—12)
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