
  Chemistry 5.04 (F04) 
 Problem Set 9    

  Due Friday, 3 December 

1. The overall effect is represented schematically with regard to configurations as follows, 

 

 The low spin state is slightly more stable than the high spin state by only a few cm–1. Thus, the 
complex will exhibit low spin behavior only at very low temperatures (< 10 K). Excitation produces 
excited states corresponding to the low spin complex. From these low spin excited states, 
intersystem crossing (isc) occurs to produce the high spin complex. At low temperatures the high 
spin complex is trapped indefinitely owing to an Arrenhius barrier of ~800 cm–1. Upon warming the 
barrier is surmounted and the complex converts back to the low spin state. This overall process has 
been called the Light-Induced Excited Spin State Trapping (LIESST). 

 A compound displaying LIESST is [Fe(ptz)6](BF4)2. Shown below are the absorption spectra 
responsible for the effect. 
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 (a) The solid line is the low temperature spectrum of the low spin complex. The energies of the 
transitions are 18,400 and 26,650 cm–1, respectively. Using the appropriate TS diagram 
(from ant standard text), assign the two transitions. 

 (b) Upon irradiation, the dashed spectrum is produced. This is the absorption spectrum for the 
high spin complex, which features only a single band at 12,250 cm–1. Assign this transition. 
Using the B value obtained from part a, determine Dq for the high spin system. 

 (c) On the basis of the Tanabe-Sugano diagram, explain the LIESST effect. 

2. The spectroscopy and photochemistry of Cr(III) has spanned four decades of spectroscopic and 
photochemical research. The spectroscopy of Cr(III) in the solid state is the underpinning for the 
invention in the 1960’s of the first solid state laser, the ruby laser. The photochemistry of these 
complexes continues to be pursued by a number of research programs around the world. Consider the 
following. 

(a) Ruby is a gemstone composed of Cr(III) embedded in the octahedral oxide environment of Al2O3. 
The electronic spectrum of the octahedral Cr(III) exhibits three spin-allowed (strong = s) 
transitions and a number of so called ‘ruby’ lines, spin-forbidden (quartet-doublet) transitions 
(weak = w), which are extremely narrow and 10–3 times weaker than d-d transitions. 

 (i) The absorption bands in the electronic spectrum of Cr3+/Al2O3 system are 14430(w), 18000(s), 
21000(w), 24600(s) and 39000(s) cm–1. Use a d3 Tanabe-Sugano diagram to assign the transitions 
and calculate Dq. 

 (ii) The absorption and emission spectra of the lowest energy transitions of Cr(III) are given 
below. On the basis of your above work, assign the emission and absorption bands to the 
appropriate transitions. Why is the one transition broad and the other sharp? Why are the 
absorption and emission maxima of the sharp transition nearly overlapped whereas the absorption 
and emission maxima of the broad transition so far removed from each other? 
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 (b) Trans-Cr(NH3)4(DMF)Cl2+ cation is a high spin chromium(III) complex. The spectroscopy of this 
complex is intriguing because it is one of the few systems in which three different simultaneous 
photoreactions have been fully characterized. A complete scheme of the photoreactions is given 
below: 

 

Because Cr(III) is in a C4v environment, the octahedral Tanabe-Sugano diagram is invalid. In this 
case, spectroscopic assignments are achieved by using a descent in symmetry method, where the 
splitting of the t2g and eg manifolds are analyzed in the desired symmetry field as follows: 

 (i) The wavelengths (nm) and the extinction coefficients (M–1cm–1) of the complex are 555 (20), 
468 (18) and 384 (42). Assign the quartet transitions and give the state symmetries of the excited 
states by qualitatively considering the splitting of the d-orbital manifold. For determining the 
states of the (e)2 electronic configuration, you will need the equations given in the lecture notes 
and reproduced here: 

  χ+  =  ½{[χ(R)]2 + χ(R2)} 

  χ–  =  ½{[χ(R)]2 – χ(R2)} 

(ii) The photochemistry originates from specific ligand field states (i.e. the products come from 
different excited states). By using the MO diagram and the assignments you have made, explain 
the observed photochemistry.  

(iii) Why is DMF substituted more easily than chlorine?  
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