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Frustrated magnetism                                                                                                                         http://www.mrl.ucsb.edu/~seshadri 


Magnetic ordering in the geometrically frustrated magnetic oxide spinels MgCr2O4 and ZnCr2O4 is accompanied by a structural 
change that helps relieve the frustration. Analysis of high-resolution synchrotron X-ray scattering reveals that the low-temperature 
structures are well described by a two-phase model of tetragonal I41/amd and orthorhombic Fddd symmetries. 


Kemei, Barton, Moffitt, Gaultois, Kurzman, Seshadri, Suchomel, Kim, J. Phys.: Condens. Matter . 


The top panel shows the scaled inverse "eld-cooled 
susceptibility. Antiferromagnetic order is suppressed to low 
temperatures in MgCr2O4 (TN =12.9 K), ZnCr2O4 (TN =12.3 K), and 
CdCr2O4 (TN =7.86 K). The splitting of high-symmetry cubic 
diraction peaks into several low-symmetry peaks shows the 
onset of spin-driven structural distortions (middle panel). 
CdCr2O4 shows a subtle structural distortion that is indicated by a 
slight decrease in intensity and increase in width of the high-
symmetry peak. The bottom panel shows the change in entropy 
at the Néel temperature. 


(a) High-resolution synchrotron X-ray powder patterns collected 
at 6 K and indexed to a two-phase model of tetragonal I41/amd 
and orthorhombic Fddd symmetries [Data (black), combined I41/
amd and Fddd "t (orange), difference (blue)]. (b) The high-
symmetry (800) peak splits into several I41/amd and Fddd 
re$ections. [I41/amd (blue), Fddd (red), and Cr2O3 impurity (grey)] 
(c) Nearly equal amounts of I41/amd (blue) and Fddd (red) phases 
coexist below TN; the Fddd phase fraction increases slightly with 
decreasing T. 








Oxide thermoelectrics                                                                                                                         http://www.mrl.ucsb.edu/~seshadri 


Tuning of structure helps tune properties in materials such as the 
rare-earth ruthenium oxide pyrochlores, show metal-insulator 
transitions and have been long studied. 


Gaultois, Barton, Birkel, Misch, Rodriguez, Stucky, Seshadri, 
J. Phys.: Condens. Matter 25  (2013) 186004(1–10). 


Room-temperature electrical resistivity of A2-xBixRu2O7 (A = Pr, . . . 
Lu, Y) solid solutions decrease smoothly with increasing average 
cation radius. Introduction of Bi drastically changes the 
behaviour (circles). [Data from multiple literature sources] We 
have worked on understanding the unusual role of Bi3+. 


New data-mining and visualization approaches help us to rapidly 
appreciate the importance of examining candidate 
thermoelectric compounds within a narrow parameter space.  


Screenshot of the web-based visualization tool, that permits the 
simultaneous visualization of four parameters associated with 
thermoelectric performance: abscissa, ordinate, marker size, and 
color. Clicking on a data point leads the web-browser directly to 
the source publication via the document object identi!er (DOI). 


Gaultois, Sparks, Borg, Seshadri, Boni!cio, Clarke, Chem. Mater. 








New Phosphors for white solid-state lighting: Efforts at rational design                           http://www.mrl.ucsb.edu/~seshadri 


An examination of the host lattice, and the local structure around 
the Ce3+ activator ions in the oxy"uoride solid solution phosphor 
Sr2Ba(AlO4F)1-x(SiO5)x:Ce3+ through a combination of density 
functional theory, synchrotron X-ray and neutron powder 
diffraction and total scattering, and electron paramagnetic 
resonance, points to how chemical substitutions play a crucial 
role in tuning the optical properties of the phosphor. 


Denault, George, Paden, Brinkley, Mikhailovsky, Neuefeind, 
DenBaars, Seshadri, J. Mater. Chem. 42 (2012) 18204-18213. 


The red-shift in emission color of this phosphor solid solution, 
depicted on the 1931 Commission Internationale de L’Eclairage 
diagram, is not predicted by conventional crystal #eld theory, but 
occurs due to an increasing distortion from cubic symmetry of 
the two Ce3+ activator ion polyhedra. 


We #nd the Debye temperatures (ΘD) of un-doped host crystal 
structures, readily calculated using ab-initio methods within the 
quasiharmonic approximation, are a useful proxy for structural 
rigidity, and are suggestive of phosphors with high quantum 
yield. 


The calculated Debye temperature (ΘD) as a function of 
calculated band gap (Eg) (using the HSE06 functional) for some 
oxide host compounds. The circle size and color are indicative of 
the experimentally measured photoluminescent quantum yield 
Φ when Ce3+ is incorporated. + denotes samples whose quantum 
yields have not been reported. 


Brgoch, DenBaars, Seshadri, (submitted). 








Heterogeneous catalysis                                                                                                                    http://www.mrl.ucsb.edu/~seshadri 


First principles electronic structure calculations have been  
carried out on a variety of Au compounds and species, 
encompassing a wide range of formal oxidation states, 
coordination geometries, and chemical environments, in order to 
understand potentially systematic behavior in the nature and 
energetics of  d states that are implicated in catalytic activity. This 
has implications for tuning the position of d bands. 


Miao, Kurzman, Mammen, Narasimhan, Seshadri, Inorg. 
Chem. 51  (2012) 7569–7578. 


The position of the Au 5d-band center, relative to the Fermi 
energy, plotted as a function of the calculated Bader charge on 
Au for a wide range of gold species. We !nd a surprising absence 
of any kind of correlation between the formal oxidation state of 
Au and the position of the d-band center.   


Misch, Kurzman, Derk, Kim, Seshadri, Metiu, McFarland, Stucky, 
Chem. Mater. 23  (2011) 5432–5439. 


We have investigated Pd-substituted CeO2 for C–H bond 
activation reactions including the partial oxidation and dry 
reforming of CH4. Pd-substituted CeO2, Ce1–xPdxO2−δ, was 
prepared as a powder with high surface area and a hollow sphere 
morphology using ultrasonic spray pyrolysis. Post-catalytic 
synchrotron diffraction, suggest that the single-phase material 
Ce1–xPdxO2−δ is not the active species and that catalysis occurs 
instead over the reduced two-phase Pd0/CeO2. 


Reactivity studies, monitored using mass spectrometry, on Pd-
substituted and unsubstituted CeO2 








New materials for batteries                                                                                                               http://www.mrl.ucsb.edu/~seshadri 


Conversion reaction cells afford the ability to explore new energy storage paradigms that transcend the dogma of small, low-charge 
cations essential to intercalative processes. We have used of earth-abundant and green calcium and sulfur in conversion reaction Ca–
S primary cells. Using sulfur-in"ltrated mesoporous carbon (abbreviated S@meso-C) cathodes, we achieve discharge capacities as 
high as 600 mAh g (S basis) within the geometry: Ca|Ca(ClO)/CH3CN|S@meso-C (discharge rate of C/3.5) 


See, Gerbec, Jun, Wudl, Stucky, Seshadri, Adv. Energy Mater. (2013). 


The conversion reaction Ca–S system utilizing a Ca metal anode 
where Ca is oxidized to Ca2+, and a sulfur cathode where S is 
reduced, in combination with an organic electrolyte which allows 
for the conduction of Ca2+.  


(a) illustrates the dependence of sulfur utilization (capacity) on 
the electrolyte composition with a S@CMK-3 cathode. The 
highest capacity is achieved using pure ACN solvent. The addition 
of DME hinders sulfur utilization and results in a less structured 
pro"le. (b) illustrates the independence of the capacity on the 
structure of the sulfur host in 0.5 M Ca(ClO4)2 in ACN electrolyte.  








Research in the Seshadri Group at UC Santa Barbara: Functional Inorganic Materials 


contact: 
Ram Seshadri, Professor 
Materials Department 
Department of Chemistry & Biochemistry 
 
Room 3008 Materials Research Laboratory 
University of California, Santa Barbara CA 93106-5121 
Phone: (805) 893 6129 Fax: (805) 893 8797 
 
email: seshadri@mrl.ucsb.edu  
web: http://www.mrl.ucsb.edu/~seshadri   


“A unifying theme in almost every aspect of 
research in the group is the compositional tuning 
of the properties of extended solids through solid 
solution; sometimes referred to (by us) as the 
game of x, as in,  for example, La2–xSrxCuO4.” 
 
The panels in this Portfolio open separate PDF !les 
on some of the research themes.  


The group, March 2013. Left to Right, standing: Moureen Kemei, Jason Douglas, Ram, Kristin Denault, Dr. Taylor Sparks, Michael 
Gaultois, Nathan George, Chris Borg, Nick DeCino, Bethany Lettiere, Aditi Krishnapriyan, Dr. Maosheng Miao, Jonathan Birkel (baby), 
Dr. Christina Birkel, Dr. Alex Birkel, Lauren Misch, Phillip Barton, Kimberly See, Dr. Jakoah Brgoch, Margaret Lumley, Megan Butala. In 
front, chienne sejant: Diamond George (dog). Undergraduate intern names in italics.  





