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1. Please fill in the blanks (A)~(L).

Electrons possess the property of spin; we can think of this simplistically as the electron rotating either
clockwise or counter-clockwise. For two electrons to occupy the same orbital their spins must be opposite to
each other; we say that the spins are paired. If one electron is raised to the excited/level without changing its
spin, the electron in the excited level is still opposite in spin to the electron left behind in the valence level.
This excited state of the molecule in which electron spins are paired is called a singlet state. If the electron
spins are parallel (both spinning in the same direction as a result of the excited electron reversing its spin), the
excited state is called a ( A ) state. Each “excited state” has both a singlet and corresponding triplet state.
Singlet excited state energy levels are ( B; lower or higher ) than the corresponding triplet state energies.

The molecule absorbs energy and an electron is promoted.to one of thehigher vibrational levels in the singlet
state; this is a vibrationally excited electronic state. The vibrationally excited molecule will rapidly relax to the
( C; lowest or highest ) vibrational level of the electronic excited state S;. This relaxation or loss of energy is
a radiationless process. Energy decreases but no light is emitted. This radiationless process is called ( D ).
Now the molecule can return to the singlet ground state by emitting a photon equal to the energy difference
between the ( E; two or three ) levels. This.is the process of fluorescence: excitation by photon absorption to
a vibrationally excited state, followed by a rapid transition between ( E ) levels with the same spin state
(singlet to singlet) that results in the emission of-a photon. The emitted photon is of ( F ) energy (longer
wavelength) than the absorbed photon. The lifetime of the excited state is very short, on the order of 1-20
nano-seconds, so fluorescence is a virtually instantaneous emission of light following excitation.

The transition from-the singlet ground state to a triplet state is a ( G; allowed or forbidden ) transition.
However, an excited singlet state can undergo a radiationless transition to the ( H ) state by reversing the spin
of the excited electron..This is an energetically favorable process since the triplet state is at a lower energy
level than the excited singlet state. This radiationless transition is called ( I ). The molecule can relax to the
ground state from the triplet state by emission of a photon. This is the process of ( J ): excitation by absorption
of light to an excited singlet state, then an ( I) to the triplet state, followed by emission of a photon due to a
triplet-singlet transition. The photon associated with ( J ) is even ( F ) energy (longer wavelength) than the
fluorescence photon. Because the triplet-singlet transition is ( K; allowed or forbidden ) transition, the
lifetime of the triplet excited state is ( L ), up to 10 seconds in some case. The sample will “glow” for some
time after the excitation light source is removed. “Glow in the dark™ paint is an example of phosphorescent
material.
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ecl = log(lo/1). 1f Io =100 and 4 = 1.0, then / = 10. Only 10% of the initial radiation intensity is
mitted. The other 90% of the intensity is absorbed by the sample. If 4 = 2.0, / = 1.0, indicating that

D% of the incident light is absorbed by the sample. If 4 = 4.0, I = 1.0, @% of the incident light

intensity is transmitted. As we shall see, the error in the measurement of A4 increases as A4 increases, or as

I decreases. In practice, Lamber beer’s law is obeyed for absorbance values less than or equal to 1.0.
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R = H; Phenol Red
R = Br; Bromophenol Blue
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