Using Solid State Chemistry and Crystal Field Theory 
to Design a New Blue Solid

Download and read the following paper and related supporting information and prepare answers to the discussion questions before conference.  There is a link on the Moodle in the conference block.  I will collect your answers to these questions at the end of conference.

Smith, A. E.; Mizoguchi, H.; Delaney, K.; Spaldin, N. A.; Sleight, A. W.; Subramanian, M. A. "Mn3+ in Trigonal Bipyramidal Coordination: A New Blue Chromophore," J. Am. Chem. Soc. 2009, 131, 17084-17086.  doi:10.1021/ja9080666
Discussion Questions: 

1.  Look up and compare the ionic radii of In3+, Mn3+, and Y3+ for a specific coordination number.  Why do you think Mn3+ forms a solid substitution on the In3+ rather than the Y3+ site?

2.  Define apical and basal relative to the trigonal bipyramidal coordination geometry.  What are the Mn-O and In-O bond distances found in these materials – both basal and apical?  How do these compare to the predicted bond distances based on ionic radii?

3.  In the supplemental information, Figure S2 shows the X-ray powder diffraction patterns for the complete YIn1-xMnxO3 series.  Explain how these data support the conclusion that a complete solid solution is formed.  What would you expect to see if only a limited range existed for the solid solution?

4.  As shown in Figure 2, there is a large change in the c-axis (perpendicular to the Mn3+ layers) and very little change in the a-axis (contained in the Mn3+ layer).  Explain this in terms of the hexagonal YMnO3 structure.

5.  Explain the origin of the crystal field splitting pattern for a D3h (trigonal bipyramidal) d-block metal ion shown in Figure 1.  Pictures of the d-orbitals in the context of the trigonal bipyramid would be very helpful!  How do changes in the a-axis affect the crystal field splitting?  The c-axis?  Which of these axes changes more upon substitution?

6.  Explain how you could verify experimentally that the manganese is present as high spin Mn3+ in these materials.  Include in your explanation what the alternatives might be and what you would look for experimentally.

7.  The x-axis for the spectrum in Figure 4 is labeled in eV.  Convert the photon energies of each tick mark from eV to photon wavelength in nm.  What part of the electromagnetic spectrum is being studied (i.e. x-ray, microwave, visible, IR, etc.)?

8.  What is the origin of the blue color of doped YIn1-xMnxO3?  Explain why the blue color is so intense here but similar intense transitions are not observed when Mn3+ is substituted into a YMO3 perovskite.
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