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aBsTracT

Borate minerals composed of [Bφ3] triangles and/or [Bφ4] tetrahedra (φ = O or OH) commonly 
exhibit complex polymerizations to form diverse polyanion groups. High-resolution solid-state magic 
angle spinning (MAS) 11B and 25Mg NMR spectroscopy at moderate to ultrahigh magnetic fields (9.4, 
14.1, and 21.1 T) allows for very accurate NMR parameters to be obtained for the borate dimorphs, 
inderite, and kurnakovite, [MgB3O3(OH)5·5H2O]. Improved agreement between experimental results 
and ab initio density functional theory (DFT) calculations using Full Potential Linear Augmented Plane 
Wave (FP LAPW) with WIEN2k validates the geometry optimization procedures for these miner-
als and permits refinements of the hydrogen positions relative to previous X-ray diffraction crystal 
structures. In particular, the optimized structures lead to significant improvements in the positions of 
the H atoms, suggesting that H atoms have significant effects on the 11B and 25Mg NMR parameters 
in inderite and kurnakovite. This study shows that combined high-resolution NMR spectroscopy and 
ab initio theoretical modeling provides an alternative method for the refinement of crystal structures, 
especially H positions.
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inTroducTion

Inderite and kurnakovite are hydrated magnesium borate 
dimorphs mainly found in saline lake sediments in Tibet, 
California, and the Inder Deposit in Kazakhstan (Corazza 1974, 
1976). The fundamental building block in these dimorphs is the 
triborate polyanion in the form of a hexagonal soroborate ring, 
which is connected with a hydrated Mg-O octahedron to form 
the rare, charge-neutral Mg(H2O)4B3O3(OH)5 molecular complex 
(Wan and Ghose 1977). Both dimorph unit cells contain a free 
water molecule and the Mg(H2O)4B3O3(OH)5 molecular com-
plexes, which are linked together via hydrogen bonds to form 
three-dimensional structures. The major difference between the 
dimorphs lies in the linkage of the Mg(H2O)4B3O3(OH)5 complex: 
in inderite it consists of the triborate ring and Mg(OH)2(H2O)4 
octahedron sharing two OH groups to form discrete molecules, 
whereas kurnakovite is composed of alternating triborate rings 
and Mg(OH)2(H2O)4 octahedra sharing one oxygen atom to 
form infinite chains (Fig. 1). Therefore, the dimorphs of kur-

nakovite and inderite, which are common borates of economic 
significance in the saline lakes of Tibet, not only provide an 
unique opportunity for detailed nuclear magnetic resonance 
(NMR) studies to shed new insights into the local structures of 
fundamental building blocks in borates, but are important for 
better understanding of borate mineralization and dynamics in 
the modern saline lakes in Tibet.

NMR is useful in probing subtle structural differences 
between polymorphs (Enright et al. 2007; Harris et al. 2007). 
However, a solid-state 11B NMR spectroscopic study of inderite 
and kurnakovite by Petch et al. (1962) failed to provide any local 
structural details that are not available from X-ray crystallogra-
phy. In this study we combine high-resolution 11B and 25Mg solid-
state MAS NMR spectroscopy at high (14.1 T) and ultrahigh 
(21.1 T) magnetic fields with ab initio theoretical calculations to 
better understand the local geometry and investigate the effects 
of such structural characteristics on the NMR parameters.

11B and 25Mg isotopes are quadrupolar nuclei with nuclear 
spins of I = 3/2 and 5/2, respectively. This enables us to use the 
quadrupole interactions (QI), which can be described by using the 
quadrupolar coupling constant (CQ) and the asymmetry parameter 
(η), to withdraw structural information. These parameters are 
related to the principal elements of the electric field gradient 
(EFG) tensor at the site (Slichter 1992):
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