Reaction of Aly* with H,0

H, is attracting much attention as an innovative energy carrier alternative to conventional fuels.
One of the methods to produce hydrogen is a use of Al or its alloys to reduce H,0 to H, because of its
efficiency, safety, and environmental friendliness.

+
Aly* + HO > 7? H,0 with He gas (P, Phe) at 300 K

lon deflector lon deflector

L “ L]
PN— —=— —I N
2 a— Y

[

———Q-mass spectrometer
(Identification of products)

| | HH
Reaction cell

(Size selection)

Cooling cell

\4

77 K i
A4 / /Ilq N>

7
lon detector "\‘ — :
A

|”] _ Quadrupole mass filter
I/
|

<
(Observation of reaction products) &

Magnetron-sputter
cluster-ion source

(Aly*, N =2-19)
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dependence of reaction products
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E..i: about 0.2 eV in the center of mass frame

N = 3-5: No reaction products

N=2,6-13: AlyO* or A|N(H20)+
selective formation

N = 14-19: both AlyO* and Aln(H20)*

i " Under the const. -coIIi'siOn-e.ne‘rgy cohditibh,
. whether the oxidation reaction proceeds
. Jdepends on the size.

Mass shift from the reactant Alnt, Am / amu
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Size dependence of the reaction products

Alyt+ Hy > AlN(HzO)+ — AlyOT + H>
The barrier of the oxidation reaction depends on size.
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N=6,8,10,11, 12: Low barrier
N=17,9, 13: High barrier
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polarizability of Aly*: aans =
AEnL

A small AEy. causes a large polarisability, and a large internal energy of
[Aln(H20)4]*.

However, dipole—induced dipole interaction is in the range of 0.01-0.1 eV:
this is generally comparable or lower than the ion—dipole interaction.



Intensity (a. u.)

Collision-energy dependence (N =11)
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;The mreactlon proceeds favora'b_ly atv-a hlgher CO||I’SIOI'1
fenergy; the internal energy of the precursor complexj
{[Al11(H20)*] would be the driving force of the reaction. _ §



Summary

Reaction of Aly* with H,0

&B&__ N .
H S
Aly* + Ho0 [Aln(H,0)*]* AlNO* + H,

The H, generation reaction occurs only if [AIN(H20)+]* has high internal energy.

(M. Arakawa, K. Kohara, T. Ito, and A. Terasaki, Eur. Phys. J. D 67, 80, 2013)



