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We recently studied lithium borohydride, a material that is a 
promising candidate for use in storing hydrogen for hydrogen-fueled 
vehicles.  Our primary method of investigation was NMR.  We 
investigated three different materials ς bulk (unmodified) LiBH4, 
LiBH4 that was melt-incorporated into a carbon aerogel, and LiBH4 
mixed with C60. 
 
NMR Equipment 
 
We primarily studied the 1H and 7Li spins.  The hydrogen NMR was 
performed at 85 MHz in an electromagnet with a fluorine NMR lock 
for magnetic field stability.  The lithium NMR took place in a 
superconducting magnet at 116 MHz.   
 
All work was done in lab-made NMR probes which allowed us to vary 
the sample temperature.  The hydrogen probe was heated by passing 
air through heater regulated by on Omega temperature controller 
attached to a platinum resistance thermomenter.  The lithium 
samples were surrounded by a non-inductive heater, again controlled 
by an Omega temperature controller, this time attached to a 

thermocouple near the sample. 
 
Samples for lithium NMR were sealed inside short pyrex tubes, and 
the sample temperature was kept below the LiBH4 melting point of 
280°C, to avoid the molten LiBH4-SiO2 reaction.  Samples for 
hydrogen NMR were either sealed in longer pyrex tubes or loaded 
into alumina tubes which were then closed off with an O-ring sealing 
cap. 
 
NMR Technique 
 
Spectra were created from the Fourier-transform of the free 
induction decay following either a short (1-2 µs) pulse to reduce 
spectral distortion, or a 90° pulse, around 8 µs on our equipment for 
both nuclei.  The early time part of the FID, which was obscured by 
ring down, was patched over with a Gaussian fitting function.  T1 was 
measured using a saturation-recovery sequence, with the spins 
saturated by either a long train of closely spaced 90° pulses, or a 
single 200 µs pulse. 
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Proton spectra from the bulk material are shown in the graph above 
and to the left.  The lines here are already narrower than true static 
lines, because rotations of the BH4 anions become rapid far below 
room temperature.  However, as you can see, the line continues to 
narrow with increasing temperature, and it in fact narrows in two 
stages.  The first narrowing is centered around 110°C, a solid-solid 
phase transition in the material at which motion of the lithium 
atoms increases greatly, averaging away the Li-H dipole interaction.  
(This is seen more clearly in the Li spectra to the right.)  At higher 
temperatures the line narrows to almost zero.  Hole-burning 
investigations and melt-spectra revealed this to be due to the 
diffusion of intact BH4 anions ς the individual H atoms themselves 
are comparatively immobile. 
 
The aerogel spectra, shown above, contain a narrow component 
even at room temperature.  That it is due to motional narrowing of 
the spins is shown by the fact that it is άŦǊƻȊŜƴ ƻǳǘέ at lower 
temperatures, achieved by passing cool nitrogen gas (from LN2 boil-
off) over the sample.  The spectra above are for LiBH4 in a carbon 
aerogel with 13 nm pores ς we also took spectra for a sample with 
25 nm pores and found the narrow component to be less 
pronounced.  Hence, the narrow component is representative of 
spins near the pore boundaries.  The aerogel nanostructure, by 
restricting the size of the crystallites and increasing the fraction of 
the spins near grain boundaries, also increases the atomic motion.  
As you can see, the broad component narrows with increasing 
temperature just like the bulk linewidths did.  Hence, the broad 
component represents spins in the centers of the pores that are less 
affected by the nanoscaffold. 
 
The remaining two graphs to the left both show spectra from LiBH4 
with mixed in C60, the first plot upon first heating to ~300°C, the 
second plot upon subsequent heating.  Remarkably, the as-mixed 
spectra look very similar to the bulk spectra, while the after heating 
spectra look very similar to the aerogel spectra.  Similar changes 
are seen in the Li spectra and T1 plots, which together with MAS 
data have led us to conclude that a scaffold forms in place during 
heating.  Some other compounds, such as C60H36, may also form ς 
we have not yet concluded our investigation. 

In the bulk spectra at upper left, the solid-solid phase transition at 
110°C, when the material becomes a lithium superionic conductor, is 
plainly evident.  The aerogel spectra, above, still show this dramatic 
narrowing, but all the lines are narrower than for the bulk.  (Note the 
change in scale.)  This indicates that substantial lithium motion is 
occurring below the phase transition in the aerogel.  We saw similar 
results in the proton spectra to the left. 
 
Our lithium spectra for the material with mixed-in C60, shown at left, 
also mimicked the proton data, in that before the material was heated 
the line resembled the bulk line, and after heating it  bore more 
resemblance to the aerogel line.  Also note that in both the aerogel 
material and the C60 post-heating, the quadrupolar satellites are less 
pronounced.  Spin echo experiments also showed them to have a 
shorter T2 then the center line, from which we were able to determine 
that the Li atoms diffuse between different pores, with differently 
oriented crystallites. 

The upper left graph shows hydrogen T1 as a function of temperature 
for three different samples.  The solid line represents the data for 
bulk LiBH4, the triangles for LiBH4 in a carbon aerogel with 13 nm 
pores, and the triangles for LiBH4 in an aerogel with 25 nm pores.  
The most striking thing to notice is that the discontinuity present at 
the solid-solid phase transition in the bulk is absent in the aerogel, 
yet one more marker of substantial atomic motion at lower 

temperatures. 
 
The upper right graph shows the hydrogen T1 for the material with 
mixed in C60, as well as the bulk.  Here, note the discontinuity is 
present in the as-mixed material (as in the bulk), but not in the 
after heating material (as with the aerogel). 

We studied the atomic motions in lithium borohydride under several 
different circumstances.  We found that incorporating the material 
into a carbon aerogel increases the motion, especially for spins near 
pore boundaries, and that the effect is accordingly increased if the 
pores are made smaller.  The higher motion rates are evident in the 
hydrogen spectra and T1, as well as the lithium spectra, as shown.  
Motion rates are important to know, because the atomic motions are 
tied to important macroscopic parameters like the hydriding and 
dehydriding rate.  Furthermore, the aerogel also inhibits crystallite 
growth during cycling, preserving the higher rates of motion. 
 

We saw similar increased motion rates in the material with mixed in 
C60, but only after the sample had been heated.  Although MAS-NMR 
(not shown) indicates some sort of C60 reaction before heating, all  
static spectra and T1 data of the as-mixed material looks very similar 
to data from the bulk.  The post-heating material, however, produces 
NMR data similar to the aerogel data.  As a result we believe a 
nanoscaffold forms in place during heating.  This suggests a new way 
to place materials inside a nanoscaffold when melt incorporation is 
not an option (because of a high material melting point, for example.)  
Other products, such as C60H36, may also be formed during heating. 
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