A STUDY OF ATOMIC MOTIONS OF LIBH, IN CARBON NANOSTRUCTURES
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INTRODUCTION

We recently studied lithium borohydride a material that Is a
promisingcandidatefor usein storing hydrogenfor hydrogenfueled
vehicles Our primary method of investigation was NMR We
Investigated three different materials ¢ bulk (unmodified) LiBH,
LiIBH that was melt-incorporatedinto a carbonaerogel,and LiBH
mixedwith G,

NMREquipment

We primarily studiedthe 'H and ‘Li spins The hydrogenNMR was
performedat 85 MHzin an electromagnetwith a fluorine NMRlock
for magnetic field stability The lithium NMR took place in a
superconductingnagnetat 116 MHz

All work wasdonein lab-rmadeNMRprobeswhichallowedusto vary
the sampletemperature Thehydrogenprobewasheatedby passing
air through heater regulated by on Omegatemperature controller
attached to a platinum resistance thermomenter The lithium
sampleswvere surroundedby a non-inductiveheater,againcontrolled
by an Omega temperature controller, this time attached to a

thermocouplenearthe sample

Sampledor lithium NMR were sealedinside short pyrextubes, and
the sampletemperature was kept below the LiBH melting point of
280°C, to avoid the molten LIBH-SIQ reaction Samplesfor
hydrogenNMR were either sealedin longer pyrex tubes or loaded
Into aluminatubeswhichwere then closedoff with an O-ring sealing
cap

NMRTechnique

Spectra were created from the Fouriertransform of the free
Induction decay following either a short (1-2 ps) pulse to reduce
spectraldistortion, or a 90° pulse,around 8 ps on our equipmentfor
both nuclel Theearlytime part of the FID,which was obscuredby
ring down, waspatchedoverwith a Gaussiariitting function. T, was
measured using a saturationrecovery sequence,with the spins
saturated by either a long train of closelyspaced90° pulses,or a
single200uspulse
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Protonspectrafrom the bulk materialare shownin the graphabove
andto the left. Thelineshere are alreadynarrowerthan true static

lines, becauserotations of the BH, anionsbecomerapid far below

room temperature However,asyou cansee,the line continuesto

narrow with increasingtemperature,and it in fact narrowsin two

stages Thefirst narrowingis centeredaround 110°C, a solid-solid

phase transition in the material at which motion of the lithium

atomsincreasegyreatly,averagingawaythe LtH dipole interaction

(Thisis seenmore clearlyin the Lispectrato the right.) At higher
temperatures the line narrows to almost zera Hole-burning
Investigationsand melt-spectra revealed this to be due to the

diffusion of intact BH, anionsq the individualH atoms themselves
are comparativelymmobile

The aerogel spectra, shown above, contain a narrow component
evenat room temperature Thatit is due to motional narrowingof

the spinsis shown by the fact that it is & ¥ N22l d3s lower

temperatures,achievedby passingcool nitrogengas(from LN, boil-

off) over the sample Thespectraaboveare for LIBH in a carbon
aerogelwith 13 nm pores¢ we alsotook spectrafor a samplewith

25 nm pores and found the narrow component to be less
pronounced Hence,the narrow componentis representative of

spins near the pore boundaries The aerogel nanostructure, by

restricting the sizeof the crystallitesand increasingthe fraction of

the spinsnear grain boundaries,alsoincreaseshe atomic motion.

As you can see, the broad component narrows with increasing
temperature just like the bulk linewidths did. Hence,the broad
componentrepresentsspinsin the centersof the poresthat areless
affectedby the nanoscaffold

Theremainingtwo graphsto the left both showspectrafrom LIBH
with mixed in G, the first plot upon first heatingto ~300°C, the
secondplot upon subsequentheating Remarkablythe asmixed
spectralook very similarto the bulk spectra,while the after heating

spectralook very similar to the aerogelspectra Similarchanges

are seenin the Li spectraand T, plots, which together with MAS
data haveled usto concludethat a scaffold forms in place during
heating Someother compounds,suchas G, Hs, may alsoform ¢
we havenot yet concludedour investigation
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In the bulk spectraat upper left, the solidsolid phasetransition at
110°C,when the material becomesa lithium superionicconductor,is
plainly evident The aerogelspectra,above,still show this dramatic
narrowing,but all the linesare narrowerthan for the bulk. (Notethe
changein scale) Thisindicatesthat substantial lithium motion is
occurringbelow the phasetransition in the aerogel We sawsimilar
resultsin the proton spectrato the left.

Our lithium spectrafor the material with mixed-in G;,, shownat left,
alsomimickedthe proton data, in that before the materialwasheated
the line resembledthe bulk line, and after heating it bore more
resemblanceto the aerogelline. Alsonote that in both the aerogel
material and the G, postheating,the quadrupolarsatellitesare less
pronounced Spinecho experimentsalso showedthem to have a
shorterT, then the centerline, from whichwe were ableto determine
that the Li atoms diffuse between different pores, with differently
oriented crystallites
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Theupperleft graphshowshydrogenT, asa function of temperature
for three different samples The solid line representsthe data for
bulk LIBH, the trianglesfor LiBH in a carbonaerogelwith 13 nm
pores, and the trianglesfor LiBH in an aerogelwith 25 nm pores
Themost strikingthing to notice is that the discontinuity present at
the solid-solid phasetransition in the bulk is absentin the aerogel,
yet one more marker of substantial atomic motion at lower

ng"’ Bulk

temperatures

Theupper right graphshowsthe hydrogenT, for the material with
mixed in G, as well asthe bulk. Here, note the discontinuity is
present in the asmixed material (as in the bulk), but not in the
after heatingmaterial (aswith the aerogel)

CONCLUSIONS

We studied the atomic motions in lithiuborohydrideunder several

different circumstances. We found that incorporating the material

We saw similar increased motion rates in the material with mixed in
G but only after the sample had been heated. Although NVAER

Into a carbon aerogel increases the motion, especially for spins near (not shown) indicates some sort of Ceaction before heating, all

pore boundaries, and that the effect is accordingly increased if the

static spectra and,Idata of the agnixed material looks very similar

pores are made smaller. The higher motion rates are evident in the to data from the bulk. The pos$teating material, however, produces

hydrogen spectra and,,Tas well as the lithium spectra, as shown.

NMR data similar to the aerogel data. As a result we believe a

Motion rates are important to know, because the atomic motions are nanoscaffoldorms in place during heating. This suggests a new way

tied to important macroscopic parameters like thedridingand

dehydridingrate. Furthermore, the aerogel also inhibits crystallite

growth during cycling, preserving the higher rates of motion.

to place materials inside @anoscaffoldvhen melt incorporation is
not an option (because of a high material melting point, for example.)
Other products, such asl;,, may also be formed during heating.
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