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Objectives and Overview

|.  Fundamental Limitations
— density of hydrogen and desorption enthalpy

II. Open Questions in Complex Hydrides

— growing consensus on reversibility mechanism in
NaAlH,

— important discoveries with unresolved issues in
alanates

— illustrate the dramatic role of impurities
— provide ideas for basic research

— nanoscale confinement and controlling surface
chemistry in borohydride and amide/imide systems
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Hydrogen Density in Metal Hydrides

A3 / H atom

Compound H/M

LaNigH, 1 12

TiH, or VH, 2 ~10

LiBH, 2 14

Mg(BH,), 2.7 14

liquid H,

22.5 (45 per H,)

DOE target 7.5 wt.% and 70g/liter

| Center for 24 A3/ H
! = atom
| Nanoscience /

Interstitial hydrides are easily ‘tunable’

o H embedding energy in homogeneous e gas has a minimum
around n_=0.01/a_? [J. K. Norskov, Phys. Rev. B, 26, 2875 (1982)]
o electron density determines the chemical potential

o vary the volume and chemistry of interstitial site
o alloying easy, can adjust plateau pressure

Complex ionic hydrides are NOT

o electrostatically dominated cohesive energy
o atomic radii important for structural stability
= alloying more difficult (example: NaCl, NaF)




Phase Segregation On Decomposition
Introduces Several Problems

Decomposition Steps
e NaAlH; = 1/3 NagAlHg + 2/3 Al4+Hy 3.7 wt.%
- Na:';AIH[-', = 3 MNaH + Al + 3';"'2 Hz 1.9 W't.%

SQRT( Intensity )

I
#

I ' I ' I
JALCOM 356-357 (2003) 363-367

* NaAlH,
+N33A1Hﬁ
| U |\| alt] Fﬁ‘ ;
""U LMWUU'LI‘QNKJMJHH + w:*\‘
T R— 60 R

* Multiple phases with complex interfaces

* Mass transport problems
 Complicated engineering considerations
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Reversibility in Ti-doped NaAlH,
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Titanium Dopant Goes with the
Aluminum on Decomposition of NaAlH,

T T T

Sample Preparation Desorbed Sample

@ 3:1 molar ratio Al (111) reflection

[ ] NEI-"-"!.'H,L . TiC|;g .
asymmetry due to Ti

» mechanically milled
(33 mol.% loading)

I'*Iauﬁ'nIH‘i : Ti'.':l3 (3:1 mix)

Tim} {LIE structure) TiAly standard

Intensity [a.u.]

o Ti:Alg

o mechanically milled

. 1 . I ‘ i N:{Clh » L1 structure \‘\_‘r"_‘\ﬂ

40 60 80 e 7nm coherence length
20 [degrees]
= = 376 378 30 382 M4 386 388 300 M2
Reaction Equation AGS [kJ/mol] 2Theta ()

3 Na H 4 3- AI + TICl 2 o 3 N.ECI + 3 Al + 1"’12 H 2 +T| HQ —484 Fig. 6. Powder patiern of sample Ad. Alaminam reflection marked by the

. . bar, exhibiting a clear asyvmmaetry at the right sxde af the rellection.
3 NaH + 3 Al + TiCly — 3 NaCl + TiAlz 4+ 3/2 H» -535

B. Bogdanovié ef al. | Jowrnal of Alloys and Compounds 350 (JK03) 246-255

Journal of Alloys and Compounds 356-357 (2003) 363—-367
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AlH, Formation Occurs on Al (111)
Surface and is Mobile

Al transport

AlH, AlH,

I

Model surface: Al(111)

Etching by atomic H

E.P. o, K. Thiirmer,
J. Reun-Robey (1998)

="

Exposure to
H; and Ti
99

H-gas

without Ti

(1l 1)
H chemiserbed
ii!

T ~— Hﬂ——{ o0s
 +§ ;?;2.'3.11“'“.1 ?u
5 [

0 1 2 3 4
Reaction coordinate (&)

Requires atomic H
Subsurface Ti in Al lowers barrier for
H, bond dissociation

UMSL ¢

PHYSICAL REVIEW B 3, 19541% (2011}

Catalytic effect of near-surface alloyving on hydrogen interaction on the aluminum surface

¥an Wang.! Feng Zhang,’ R. SI!urn.;lF.'I Pei Lin,! and M. ¥. Chou'
"School of Phyvics, Georgin fnstitute of Technology, Atlante, Georgin J0332-0430, 18A
*Sandia Mariemal Litraraiories, Albuguergue, Neow Mezice 87185 [415, LS
(Recelved 4 November 20010k revised manescript received 22 March 200 1; pahlisked % May 200 1)
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Mass Transport in NaAlH, Mediated via
AlIH, and Na Vacancies

PHYSICAL CHEMISTRY

J. Phys. Chem. C 2011, 115, 21443-21453
Native Defect Concentrations in NaAlH,; and NasAlHg
Kyle Jay Michel and Vidvuds Ozoling®

Department of Materials Science and Engineering, University of California, Los Angeles, P.O. Box 951595, Los Angeles,
California S0025-1595, United States

pubs.acs.org/IFCC

* Free energies of formation and concentrations
of native defects in NaAlH, and Na;AlH,
* determined at possible two-phase interfaces

Kinetic Monte Carlo Results | .= - =

Table 2. Defect Formation Energies and Concentrations in
NaAlH, at T = 400 K, Including Vibrational and Gas-Phase H,
Enthalpies and Entropies”

MayAlH . NaAlH, H, AlLNaAIHL, H
defect AH}EF AGHES Bt AHin Al (i

(A 09¢ L&) 250 =00 070 0S8 2I2x 107
[AIH]* 111 141 A1l =10 "™ 106 082 667 x10°
[AIH,)” 06 101 785=10"  L13 044 106107

[AlH,] 087 071 474x10" 127 037 86w 10
[alH,]" 082 043
[Ma] 006 043
[MaH] 138 142
[H]* 1.2 107
[H] 101 06l
H 13 170

'H 044 0.64
“Values are given at the i
well as Al, MaAlH,, and
given in units of eV defeq
of defects per fu, of Maj

and transition state theory [ SICAlL CHEMISTRY

* NajAlH4: Na vacancies

Kyle Jay Michel and Vidvuds Ozolins*

California 90095-1595, United States

* NaAIH4: A|Hx vacancies J. Phys. Chem. C 2011, 115, 21465-21472

Vacancy Diffusion in NaAlH, and NasAlHg

Department of Materials Science and Engineering, University of California, Los Angeles, P.O. Box 951595, Los Angeles,
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Explanation for NaAlH,
Reversibility is Incomplete

 |ntermediates observed in XRD
— X1 and X2 phases

* X1, X2 very sensitive to

No Catalyst

- NaAlH,
. (020, 110, 2000

overpressure

e 0.1<P<1or2bar

* These phases have never been
conclusively identified 85 Renals 857

K.J. Gross et al. [ Journal of

* Experiments near operating Aloys and Compounds 297
conditions are important (2000) 270281
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Discovery of Phase “S105” - Fast Al
Motion In NaAlH,

PHYSICAL CHEMISTRY |

Letters J. Phys. Chem. Lett. 2010, 1, 2412-2416 """ ™!
Discovery of A New Al Species in Hydrogen Reactions of
NaAlH,

Timothy M. Ivancic,*" Son-Jong Hwang Robert C. Hr::uwrnan Jr..” Derek S. Birkmire,
Craig M. Jensen, Terrence J. Udovic,* and Mark 5. Conradi*'

S105 first observed when heating NaAlH,
under H, overpressure near the melting
temperature

5105
(off-scale, 2x)
20°C 175°C 12°C
0 barH, 208 bar H, 0 barH,
MNafiH,
MNaAlH
Al * Ne A\ INasﬁuHE
{ Al
metal J, {a) matal .I-l (b) L (c)
I'I
200 100 i 200 100 i 200 100 [i
Fres. (kHz) Freq. (kHz) Fred. (kHz)
Figure 2. Tal spectra for a 4 mol % ScCly du;:n.d MNaAlH, sample
during P=T treatment that generates 5105. Al metal (1640 ppm,
151 kHz) apparent before the reaction is consumed when 5105
(103 ppm, 9.5 kHz) is generated.

THE JOURMAL OF

PHYSICAL CHEMISTRY

J. Phys. Chem. C 2013, 117, 8105-8113

Mobile Species in NaAIH,

Eric G. Sorte,* Robcrt C. Bowman, Jr.,* Enr: H. Majzoub, Margriet H. W. Verkuilen,"
Terrence ]. Udnm, and Mark S. Conradi®"

Arthcle

v | S105 is due to the

presence of oxygen
impurities. H,0 or

IMSL
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Monte Carlo Method (PEGS) Generally Obtains
Observed Crystal Structures

g%ﬁ;
e
o _“.:Tt
058

b OF% - PEGS method -

B0, Majzoub & Ozolins, Phys. Rev. B, KoLj
,LiAIH,
77, 104115, (2008)
AlH

d
“MSL%mmr
Nanosclence



Search for Intermediates in NaAlH,

PRL 103, 125901 (200%) PHYSICAL REVIEW LETTERS

ol cinding
W OCTTCM R, HEE

Dynamics and Thermodynamics of a Movel Phase of NaATH,

Brandom C. Wood*® and Nicols Marzari

D partoeess of Muobrrials Seirace and Enpineering, Maockeints fnainge of Troknolagy, Combridge, Maoocheoras G203, 054
(Hecerved 17 January 2005, published 28 Ocusber 2004)

Ultrafast Bulk Diffusion of AlHx in High-Entropy
Dehydrogenation Intermediates of NaAlH4
Fizng Zhang, Brandon C. Wood, Yan Wang, Cai-Zhuang Wang, Kai-Ming Ho, and Mai-Yin Chou
< Phys. Chave. C, Jusil Acespbed Manwseript - DOI: 1001021 §p504550m - Pubbcation Daie [Webd: 21 Jul 2014
Downloaded from hiipaipubs ses.oeg on July 24, 214

First-Principles Study of Structural Prototypes for NaAlH,: Elevated
Pressure Polymorph in Symmetry Fmm2 Leads to a Single-Step
Decomposition Pathway

E H. Mapoub®

Center for NMinmiciesdr ind Depantment of Phiic md Adtrenomy, Univerity of Misioor = 50 Lows, 51 Loauh, Mbseur 63121
Ursted States

E Harati and G. A de Wik

Fadhoud Linkerity Nigmegen, Insitie for Moleaubes and Materals, Mependaalueeg 135, 8513 A] Mjmegen, The Nesherlinds

¢ gamma-NaAlH, stable above 320K
e Charged AlH, and neutral AlH; vacancies:

computed barriers for diffusion are less
than 0.1 eV

(a) .¢

T : T ¥ T T T T

‘E == MaAlH4

= “-‘-"'-.._\_ — Cmcm

5 — o

& [— Fmm2 <008

£

£

- |

= n
-

<
é L 5 05

o

1 " L i 'l " 1 A i
100 200 300 a00 1)
Temperature [K]

3

., U:r:u_+_$_¢1

NaAlHy(Fmm2) — NaH + Al + E”-z

mw
S

Cmcm and Fmm2

++1
el e Larger volume Gom
I available to AlH, units E
- 'r-,.'...(}.\ * XRD not consistent 5
{ o pe od with X1, X2 phases "

PI.'1..'\‘|'I..|'|'L [baar]

bt l.a.a.adl.l_'. PR,
L] 1m0



S105 Must Contain 4-coordinate Al

E. Hazrati and G. A de Wi

1
: 1
Radiseud Universty Mignegen, bastute for Moleculen and Materids, Hepesdadurweg 114, 8525 A] Mijmegen, The Netherlands 4 m ﬂ>
/ PR — l -

S105 must contain 4-coordinate Al —_—
50 0 -50 100  -150

“MSI- _ S (PPM)

non S 105-containing NuA]H . .

* XRD shows structure is still 14,/a
= J l | ‘ | i e Structure factor changes only
EJLII JLL_M_A.A..

D ' S105-containing NaAIH, J. Phys. Chem. C 2013, 117, 8105-8113
[
Furd
g e 5,6-coord Al (comp. NaAlH,)
= lE o | ALO, (corundum) 7 .
“lET Lo E 1 NaA,
- fg = |:. |'~:4qu &
Wdoay ST Jle,  s5 s
30 40 50 60 70 80 90
Degrees [20]

PHYSICAL CHEMISTRY S S—

J. Phys. Chem. C 2013, 117, 8864-8870 ' ' '
First-Principles Study of Structural Prototypes for NaAlH,: Elevated 6 B oEod G-
Pressure Polymorph in Symmetry Fmm2 Leads to a Single-Step E
Decomposition Pathway ﬁ
E. H. Majzoub* =
! for M and [ of Physics and A Linive of Misari — 5t Louis, %1, Losie, Misousi §3111, E B =
I'..‘::::‘:]:uun ' 4 . — 5 5 @ Cﬂ‘ <>

8 !
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Oxygen Contamination? Many Hydride
Preparation Techniques Introduce Impurities

. [r T T T [ 'I' T '|
l 5] = mew
_ | |

53 - SOIME |.'|1IFI|1II1;

52 - lots of chipping

SPEX 8000 Mill | . ,]: IR | B W
=TV WA

_l || 1 ll 1 | 1:= [ 0 o =-E
30 40 50 60 70 80
Degrees |2-theta]

* Mill type: shaker mills, planetary mills

* Ball construction: steel, WC, ceramic

* Mill wall construction: steel, WC, ceramic, etc.

* Mill seal allows for leaks — contamination from
atmosphere

UMSL



Effect of Oxygen in Na-Al-H?
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Oxygen In Alkali Metal Hydrides

'|' o
mon.-cubic 1Melting pnm}
w0 transition
308 . H
= Bleif, Acta Cryst A, 38, 470, 1982
v.% 20
E 0r eutectic
2 NaOMH-Na,CO,
= 3 orh.-mon, 1
transition -
2k
1 P i
N L L. 5E8.7 566 591
L00 450 500 550 800
TEMPERATURE [ |
Phases of NaOH:

* |low temp phase: Bmmb (orth)
 alpha-phase: P2,/m (mono)
* beta phase: Fm3m

Q: What is the temperature
dependence of the formation of
solid solution phase NaH/NaOH?

IMSL

NaH-NaOH Pseudo-binary

L+ MNaH

5007

400!
3
1]
2 300
=
Lk )
=
= 200 /
'
]
I
[_‘1 ]
| I + ‘\J.
1000 f I o NaH
| ]
]
]
]
]
| M PRI IS S S RS |
(1] 20 40 [l B 100
NaOH wt. % NaH

Mikheeva, et al., Russian J.
Inorg. Chem. 7, 1251 (1962).



THE JOURNAL OF

PHYSICAL CHEMISTRY

Effects of NaOH in Solid NaH: Solution/Segregation Phase Transition

and Diffusion Acceleration

Eric G. Sorte,*' E. H. Ma]znub Tim Ellis- CalE(},T Blake A. Hammann,? Gang Wang,* Dongxue Zhao,”
Robert C. Bowman, Jr,! and Mark S. Conradi*™*

1H NMR linewidths

35
O= MaH pura "85 recesed”
& MaH+ 10mol dried HaOH[C1)
a0 b — i MaH+ 10mol% dried AN 08|
F—F——bp—a. - Mak+ 10mole Mgl OH),
’. —$—— S o, . y
— — o 1., -—R.
254 O "“‘.-; e -.v‘
_ LN SR Y g r
I A 4 %
= 204 = ‘ ™ ™ y
= Il \ - | .
LSRR ol
1 W Ak
% 15 4 - | \ 'k | \A
%! -
10 - L1 41
— G M+ 30malh NaCH b W,
1 —d— hab+ 10mel% NeoH v N
== NaH af-expotad iyl R
5 o =ik~ HaH+10mol% died MNalH[CT] o | IR )
A Bat 1 0mol¥ died NaOH[CH 'IIF 1Y II'\,\
4 == MaHewet ALOH), A "
'—::E ¥ .
0 L B S e S I S e e T =

0 25 50 T3 100 125 150 173

J. Phys. Chem. C 2013, 117, 23575-23581

IMSL

— 1 T
2000\25 250 275 300

Temperature (“C)

pubs.acs.org/JPCC

0.2 T T

=

T

Heat Flow [watts/g]
? T

traces offset for clarity

' | ' I ' I

[—

cooling

0.2 -
heating
I ] exo up
L 1 L | L 1 L | 1 1 L l
0 50 100 150 200 250 300

Temperature [°C]

Differential scanning calorimetry indicates
excellent reversibility of NaH/NaOH solid

rapid hydrogen motion

solution formation



Comments

Oxygen (OH") content in NaH, NaAlH, will vary strongly
with temperature and may have a significant impact on
kinetics

Computationally expensive to predict intermediate phases
and their stability from first principles — depend sensitively
on T and P (harmonic vs. quasi-harmonic, etc.)

Test materials closer to operating conditions
Experiments with very high purity starting materials to
identify contaminant issues

Q: Could impurity doping improve the kinetics in other
interesting complex hydride systems?

IMSL




Interfaces
and
Surfaces
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Free Nanoparticle Stability Is a

120

T'Thulk ®)

1 1 1 1 1 1 1 ]
1 3 5 7 9 1 13 15 17 19
metal particle radius (nm)

Predicted hydride
destablization as a function
of particle size, using the
WAulff construction
Kim, et al., Nanotechnology,
20, 204001 (2009)

Function of Size

4 ]
Mo, atoms or formula units

Free Nanoparticles in the Na-
Al-H System
Majzoub, et al., JPCC, 115,
2636 (2011)

Q: How does nanoconfinement alter thermodynamics?

IMSL



Benefits of Nanoconfinement

* Improves kinetics and reversibility
 Can impact thermodynamics
e Safety

e Surface functionalization allows for
selectivity of reactions

* Frameworks can be active, e.g. Li
intercalation in carbon

 Difficult to handle computationally -- work
Is needed here

IMSL



Nano-confined LiBH, is Reversible

I, Phys. Chem. C 2008, 112, 5651—5657

Enhanced Hydrogen Storage Kinetics of LiBH; in Nanoporous Carbon Scaffolds Carbon

Adam F. Gross, John J. Vajo,* Sky L. Van Atta, and Gregory L. Olson Aerogels
HRL Laboratories, LLC, 3011 Malibu Canvon Road, Malibu, California 90263

Received: November 20, 2007; In Final Form: Janwary 25, 2008

S, U.S. DEPARTMENT OF Ordered Nanoporous

&) ENERGY Materials

[{}SE | |« ) Phys. Chem. C., 118, 8843-8851, (2014)
' « 1. Phys. Chem. C., 118, 8852-8858, (2014)

] BCP and erosslinked phanolic fasing

ooy N e J. Materials Chemistry A, 1, 9935-9941 (2013)
, ’ * J. Mater. Chem. A, 1, 3926-3931 (2013)
Rl it * ACS Nano, 6, 9807-9817 (2012)
| e Ao * Phys. Chem. Chem. Phys., 14, 8160-8169 (2012)
cor-12 T3 L . * Phys. Chem. Chem. Phys., 14, 6611-6616 (2012)

‘,M; e ﬁ ‘ * ). Phys. Chem. C, 115, 2636-2643 (2011)
 Chem. Mater.,23, 1331-1336 (2011)

“MSI_ « ). Phys. Chem. C, 114, 14036-14041(2010)



Nanoconfined LiBH, is Reversible and
Reaction Pathway is Changed

4 T T T ™ ) 3
| | — LiBH4@NPC-4nm 71 350 _
= —— LiBH4@CA-9nm 16 - >
© 3} —— LiBH,@CA-15 6l 1300
= 4@ nm - o
T ) |- I =
= ~ o 5. 1250 =
— 14 = = | ] i
[ ] p— ‘é\ 1
- 2F e =~ 4+ 1200 £
b , - -} ] E
;;E x = 3 1150 =
o 1 2 IN 2+ —— 2nd (Rehydrogenated at 350C) . .. 100
E I ——— 3rd (Rehydrogenated at 300C)
o 1t —— aih{Rehydrogenated at 250C) 1
I —— 5th {Rehydrogenation from 350C to RT) | { 5
0 0 q —— 6th (Rehydrogenated at 350C)
100 200 300 400 500 0.0 0.5 1.0 1.5 2-3
Temperature (°C) Time (h)
Controlled Reaction Demonstrated
Pathway: Low Temperature
Diborane Release Reversibility
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L1l

Pressure, bar

o
-

0.01

IMSL

PCT of LiBH,@NPC Indicate No Change From
Bulk Thermodynamics

* 4nm NPC

e 20 wt.% LiBH4

* Flat plateau

* Enthalpy: 75 klJ/mol H,

Note: New sample each
cycle

LiBH,@NPC
o o**
°e® ® ¢ .. .‘ ¢ L
f B . @
&
S f e 725 K
° ¢ ¢+ /700 K
° *
®
: : Vitalie Stavila
e ¢ Sandia National Laboratories @
®
3.5 -3 2.9 - 1.9 -0.5

Vitalie Stavila, Sandia




Pressure, bar

o
—

0.01

—_—
o
Lllll L bl Ll

PCT of NaAIH,@NPC Indicate A Single Step
Reaction And Altered Thermodynamics

Pressure | bar

v I | T — T T T | T
sbzorplion, 15t measurement
absorption, 2rnd measurement !
desorplion o '®

® O

10 5 o L
E

11_ 0 n
j NaAlH,
0.1

1 . No plateau!
] T=140°C

0.01

00 01 02 03 04 0.5 06 07 08 09 1.0
Hz cant. / wt. %
Lohstroh, et al., Chem Phys Chem, 11,

789, 2010

Lohstroh et al.
e Activated carbon fiber

DSC indicates single step for

NaAIH,@NPC

* 0.5 -4 nm pore size
* Melt-infiltrated

NaAlH,@NPC -
A o -
A ®
A PY ® .
A ® ]
A O -
1 - o, "
E A 0
o n 4469 K
454 K
‘4" AH=35+3kJ/molH, °
A / 2 m437K
A O
A o " \yitalie Stavila
A : .. Sandia National Laboratories
40 1
35 -3 25 15 1 -0.5 C
wt%. H
(b) Nanocon fined NaAIH4
H —
u_? (a) NaAIH,
$
Melting

SOr|
“ M I 100 200 300 400
Temperature (°C)

* 1800 m?/g

26



What can we explain computationally?

* Wetting is observed for molten LiBH, (Gross, et
al., J. Phys. Chem. C 2008, 112, 5651-5657)

* Can explain the wetting computationally?

IMSL



High- and Low-temperature Carbonized Phenolic
Resins Show Different Character and Defect Density

OH o |
@ +H-"(|:|”*-H — Ba kE| Ite Baekland, 1907

1~ 1000°C
I @

~3000°C
é

More dangling bonds More sp2 character

Harris, P.J.F., Philosophical Magazine, 2004, 84, 3159-3167




Model the Carbon Environment Using
a Sheet of Graphene

e 7 X7 super cell of graphene with 17 Angstrom vacuum layer
* Crude but no tractable amorphous structure models

IMSL

J. Phys. Chem. C 2014, 118, 8852-8858



No Wetting for LiBH, or Other Likely
Decomposition Products on Graphene Sheet

3

Wetting energy [eV/f.u.]
(o8

2 21 No VdW
i N i m—— VAW
1+ 1 - = Enano-Ebu]k

| | | |
1 2 3 401 2 3 .

No. formula units

e contradicts experimental observation of wetting
* Note: Free-nanoparticle reference energy will show wetting

IMSL



Four-step Process Results in LiBH,

Wetting of Carbon
B
(1) LB, + other stuft Partial decomposition
00000000 oOGO00poGO of LiBH,

V

000000000 OCGFCGFOIOOGO
B Remaining LiBH, will

1 wet the carbon
y LiBH
(3) e@) Li ‘ (4) =

Li
0000000090 C0POCGOGOO OOOOOOOOOOOOOO
B B

LiH does not wet this surface!

IMSL



Experimental Confirmation via TEM

PHYSICAL, CHEMISTRY

pubs.acs.org/JPCC

Characterization of the Dehydrogenation Process of LiBH, Confined
in Nanoporous Carbon

Stephen D. House,"- Xiangfeng Liu,:]: Angus A. Rockett,'r Fric H. Majzoub,§ and Ian M. Robertson*'

TDepa.r:tmen‘c of Materials Science, University of Illinois at Urbana—Champaign, 1304 West Green Street, Urbana, Illinois 61801,
United States

*College of Materials Science and Optoelectronic Technology, University of Chinese Academy of Sciences, Beijing, 10049, P. R.
China

$Center for Nanoscience and Department of Physics and Astronomy, University of Missouri—St. Louis, One University Boulevard,
St. Louis, Missouri 63121, United States

"College of Engineering, University of Wisconsin—Madison, 1415 Engineering Drive, Madison, Wisconsin 53706, United States

© Supporting Information

ABSTRACT: Annealing in the transmission electron microscope allows direct f
comparison of the same nanoporous carbon scaffold particles following Before
dehydrogenation of the confined LiBH,. At a nominal temperature of 200 °C,
a granular crust of cubic and cuboidal LiH nanocrystals ~8—15 nm wide grew
on the outer surface of the scaffold. Furthermore, these crystals migrated on the
carbon support film away from the scaffold. Ejection of material from the
scaffold also occurred upon dehydrogenation in a differential scanning
calorimeter. The form of the ejected material was different, being bristles
instead of cubes or cuboids. This ejection of LiH and thus preferential
segregation of lithium from boron is proposed to explain the observed continual
decrease in hydrogen storage capacity with the number of cycles.

Stephen House, lan Robertson

“MSL Center for
Nanosclence

in situ observation
of LiH ejection from
the material




N-doped Carbons Through Melt-
infiltration of Li,BN;H,,

Journal of
Materials Chemistry A 2013, 1,3926 RSCPublishing
Tailoring the hydrogen storage properties of Li;BNsHqo
o by confinement into highly ordered nanoporous
§|9tze6th|s: J. Mater. Chem. A, 2013, 1, carbon_l_
Xiangfeng Liu,*®® David Peaslee® and E. H. Majzoub™*?

LiBH, + 3 LiNH, = Li,BN,H,,

UMSL




Nanoconfinement of Li,;BN;H,, Changes Enthalpy from
Exothermic to Endothermic

Bulk LigBN3H4g
1' - e e

exothermic

melting

Heat Flow (a.u.)

Nanoconfined LigBN3H1g@NPC

— |

A

NH4+ Ho

endothermic

‘andn.

NH,

100 200 300 400 500
“MSI. Temperature (°C)



Infiltration in MOFs Also Show Dramatic Effects

>
Reversible Hydrogen Storage by ﬁ
NaAlH, Confined within a —
Titanium-Functionalized  ACS Nano, 6, 9807, 2012 =
MOF-74(Mg) Nanoreactor l

UMSL



Conclusions

* Nanoconfinement alters the properties we are
interested in controlling

 Limited work to date on functionalization of
carbons

* Limited work to date on the vast array of
MOFs available

 Computational work needed to address
catalysis and interfaces
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