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Experimental ab initio structure determination for the LiBH4 phase II: One of the best patterns obtained for the phase II at 

2.4 GPa has been indexed using Dicvol04 software[S1] in a tetragonal cell with a ~ 3.75 and c ~ 6.45 Å, however the structure 

could not be solved in any of the tetragonal space groups. It has therefore been solved by global optimization in direct space 

(program FOX)[S2] in the lowest symmetry space group P1. Constraints on tetrahedral symmetry of the borohydride anion have 

been imposed, along with soft "anti-bump" restraints on Li…H distances. The true symmetry of the structure has been 

uncovered using Platon software,[S3] which suggested a doubled pseudo-tetragonal cell (a ~ 5.30 and c ~ 6.45 Å) and the 

orthorhombic space group Ama2. 

Atomic coordinates have been standardized by STIDY,[S3] fixing a z-coordinate for the Li atom to zero. Using this model, 

the structure has been finally refined by Rietveld method with Fullprof[S5] using 47 reflections, 11 intensity-dependent refined 

parameters and 8 soft restraints defining an approximately tetrahedral BH4 geometry. During the refinement, the background 

was modeled by interpolated points (the highest peak-to-background ratio was about 1), but for the presentation purposes (see 

Fig. S1) it has been subtracted. This approach provided a very good fit to the data using a minimal set of reasonable 

assumptions. The refinement converged at RB = 4.3%, RF = 8.8%, Rp = 17.2%, and Rwp = 6.5%. Atomic and cell parameters are 

listed in Table S1, and the fit to the experimental data is shown in Fig. S1. 

Experimental structure determination for the LiBH4 phase III: The high-pressure phase III was identified by comparing 

experimental data with theoretical powder patterns calculated for known ABX4 structure types. The best description of the 

experimental diffraction pattern has been achieved with the cubic Fm-3m structural model having a disordered arrangement of 

BH4 anions (α-NaBH4-type). Our choice of the simple cubic structure was confirmed by an excellent fit to the experimental 

data over the whole pressure range and complementary theoretical validation. The refinement technique used is similar to the 

one described above for the phase II, yielding RB = 5.9%, RF = 7.5%. The essential structural parameters for the phase III at 

18.1 GPa are listed in Table S1. 

DFT calculations on the high-pressure structures of LiBH4: Crystal structures of the two new polymorphs of LiBH4 found 

from our diffraction experiments have been validated using ab initio plane–wave pseudopotential DFT method[S6,S7] as 

implemented in the CASTEP package.[S8] The generalized gradient approximation was used to account for exchange and 

correlation in the Perdew–Burke–Ernzerhof form,[S9] which is known to yield more accurate structural results,[S6] such as bond 

lengths, compared to the well-known local density approximation (LDA). The ionic positions have been optimized using the 

highly efficient Broyden–Fletcher–Goldfarb–Shanno (BFGS) algorithm.[S10,S11] The use of ultrasoft pseudopotentials[S12] for all 

atoms has permitted us to exercise a lower plane-wave cutoff energy of 380 eV and hence achieve a much shorter calculation 

time than would otherwise be possible in the case of norm-conserving pseudopotentials. A regular mesh of k-points, with 

typical dimensions of 3×3×3 in the case of phase II, was used to sample the Brillouin zone of the crystal. The accuracy of all 

the calculation parameters has been assessed to ensure the convergence of the final results. 
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Table S1. Experimental and DFT-optimized (in brackets) structural parameters for the high-pressure polymorphs of LiBH4. 

Structure Atom x y z 

Own structure type Li 0 0 0 

Ama2, Z = 4 B ¼ 0.2712(4) 
[0.23448] 

0.1730(5) 
[0.25048] 

a = 6.4494(9), b = 5.307(1) H1 0.095(1) 
[0.09624] 

0.334(1) 
[0.32481] 

0.074(1) 
[0.14744] 

c = 5.2919(9) Å at 2.4 GPa H2 ¼ 0.0497(7) 
[0.00548] 

0.1831(9) 
[0.24538] 

 H3 ¼ 0.351(1) 
[0.27944] 

0.3803(8) 
[0.47546] 

α-NaBH4-type Li 0 0 0 

Fm-3m, Z = 4 B ½ ½ ½ 

a = 5.109(2) Å at 18.1 GPa H[a] 0.37(2) 
[0.3655] 

x x 

[a] Occupancy 0.5 in the disordered structure. 

 

 

10 15 20 25 30 35

0

2000

4000

6000

8000

10000

  

In
te

ns
ity

/a
rb

itr
ar

y 
un

its

2Θ/°  

Figure S1. Background-subtracted Rietveld refinement profile for the phase II at 2.4 GPa. A raw two-dimensional 

image is shown in the inset (λ = 0.70140 Å), exhibiting a very clean diffraction pattern and exceptionally high 

integrated intensities reaching 108 counts per point. 

 



 3 

[S1] A. Boultif, D. Louer, J. Appl. Cryst. 2004, 37, 724–731. 

[S2] V. Favre-Nicolin, R. Cerný, J. Appl. Cryst. 2002, 35, 734–743. 

[S3] A. Spek, Acta Cryst. A 1990, 46, C34. 

[S4] L. M. Gelato, E. Parthé, J. Appl. Cryst. 1987, 20, 139–143. 

[S5] J. Rodrigues-Carvajal, Physica B 1993, 192, 55–58. 

[S6] R. G. Parr, Y. Weitao, Density-Functional Theory of Atoms and Molecules, Oxford University Press, 1994. 

[S7] M. C. Payne, M. P. Teter, D. C. Allan, T. A. Arias, J. D. Joannopoulos, Rev. Mod. Phys. 1992, 64, 1045–1097. 

[S8] M. D. Segall, P. J. D. Lindan, M. J. Probert, C. J. Pickard, P. J. Hasnip, S. J. Clark, M. C. Payne, J. Phys.-Condes. 

Matter 2002, 14, 2717–2744. 

[S9] J. P. Perdew, K. Burke, M. Ernzerhof, Phys. Rev. Lett. 1996, 77, 3865–3868. 

[S10] T. H. Fischer, J. Almlof, J. Phys. Chem. 1992, 96, 9768–9774. 

[S11] J. E. Dennis, R. B. Schnabel, Numerical methods for unconstrained optimization and nonlinear equations, Englewood 

Cliffs, NJ: Prentice-Hall, 1983. 

[S12] D. Vanderbilt, Phys. Rev. B 1990, 41, 7892–7895. 

 

 


