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Structural Inversion in Nanocrystalline MgAl2O4 Spinel
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Introduction
	The search for high performance transparent materials for civil and defense applications has driven significant advancements in the processing of ultra-strong nanoceramics. The hardness and other mechanical properties of polycrystalline nanoceramics are known to be strongly dependent on crystallite size. In particular, decreasing the crystallite size of MgAl2O4 spinel to the nanometer regime has been shown to increase the hardness, greatly surpassing the performance of the single crystal [1]. Such behavior of increasing hardness and strength with decreasing crystallite size may arise in the case of oxide ceramics from any size dependent changes in the crystal structure. The materials in the structural family of spinels with the general formula [A2+] [B3+] 2O4 are particularly suitable to test this hypothesis as the coordination environments of the A and B cations in the spinel structure are known to be highly sensitive to crystallite size. Here, we report the results of 27Al MQMAS and 25Mg MAS NMR spectroscopic investigation into the Al and Mg coordination environments of nanocrystalline spinel MgAl2O4 ceramics as a function of crystallite sizes ranging between 4 nm and 75 nm.

Experimental
	MgAl2O4 nanocrystals were synthesized from aqueous nitrates, using a coprecipitation technique and were transformed into fully dense nanoceramics using the spark plasma sintering technique. Hardness of the nanoceramics were measured using the Vickers indentation technique. 27Al one-pulse MAS NMR spectra of crushed nanoceramic powders were collected at 11.7 T at UC Davis using a solids π/10 pulse and 0.5 s delay. The 27Al 3QMAS and 25Mg MAS spectra were collected at the NHMFL using a 19.6T narrow bore magnet equipped with a Bruker DRX console and a 3.2 mm MAS probe spinning at 10kHz. 
 
Results and Discussion
	The 27Al MAS (not shown) and 3QMAS NMR spectra (Fig. 1) were analyzed to obtain the relative ratio of AlIV:AlVI in the spinel structure, which progressively increases with decreasing crystallite size indicating increasing degree of cation site inversion. This inversion in spinel structure mandates that the Mg ions must undergo a concomitant change in their coordination environment with an increase in the MgVI:MgIV ratio such that the total number of atoms in tetrahedral and octahedral coordinations remains invariant. This scenario is verified with 25Mg MAS NMR for the very first time (Fig. 1). The inversion parameter, which is the fraction of AlIV in the formula unit, shows remarkable correlation with the hardness and the surface:volume ratio of the nanocrystals (Fig. 1).
Conclusions
	These results point to the scenario that the cation inversion is primarily localized near the surface/interface region of MgAl2O4 nanoparticles. The strong correlation between degree of inversion and hardness, then strongly suggests that the latter in MgAl2O4 spinel may be directly related to the scheme of interatomic bonding and connectivity between various cation-oxygen coordination polyhedra.
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[bookmark: _GoBack][1] Muche, D.N.F., et al., Materials Letters, 186, 298 (2017).Fig.1. 27Al 3QMAS (Left) and 25Mg (Middle) MAS NMR spectra of nanocrystalline MgAl2O4 spinel ceramics. Right: correlation between size dependence of Al inversion parameter (red), hardness (black) and surface:volume ratio (blue).
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