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Here, our recent study on the oxygen-storage materials BaLnMn,Os,s with Ln = La, Nd, Gd, and Y is reviewed.
The redox characteristics of these materials were systematically investigated employing the reductive water dissolution
by the deoxygenated & = 0 form. The Lrn = La, Nd, and Gd compounds were found to show a capability to produce
hydrogen gas through the water dissolution at 500 °C, whereas the Ln = Y compound was unreactive to water. The
present study also revealed that the reactivity significantly depends on the Ln species: the larger the Ln*" ionic size, the
higher reactivity the BalnMn,Os, samples exhibit. The experimental data were discussed on the basis of
thermodynamic energetics by quantum chemical calculations.
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Fig.1 Crystal structures of BaLnMn,0s,5 with & = 0 and 0.5,
together with a conceptual illustration for the water dissolution
induced by the oxygen intake process. The illustration of the
crystals was drawn with VESTA software'” based on the
structural models.
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Fig.2 Schematic drawing of the home-made reactor system for
the water dissolution experiments.
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Fig.3 Time-dependent concentration of hydrogen gas produced
through the water dissolution reaction (500 °C) by BaLnMn,0Os ¢
with Ln = La, Nd, Gd, and Y.
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mol ICH A TND, HRTREIL, 4 F YA ABHK
D LaBEHIB W TAGCOFENRICKIEL TNDHZ & TH
%o TOREFIE, La BB CITEAERAE T HIKFED B HMIC
ERTHIEEERLTND
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Table 1  Saturated p(H,) and p(H,O) values for the water
dissolution experiments (500 °C) with BaLnMn,0Os4 (Ln = La
Nd, Gd, and Y). The resultant equilibrium constant K, and
standard Gibbs energy AG®° are also given. The values for the

Lr*" ionic radius with CN = 8 (reneg) are referred to Ref. 15.
Ln La Nd Gd Y
p(H,) / Pa 863 72 22 <2
p(H,0)/Pa 197 861 983 1180
K, 28(2)  0.0792)  0.0222) <0.002
AGP /KImol!  —67(4)  +163(2)  +24.5(6) > +41.0
Fen=g / M 0.116 0.1109 0.1053 0.1019
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Fig.4 COHP diagrams of one averaged Mn-O bond calculated
for BaLnMn,0s , and BaLnMn,O¢( with Ln = La and Y.



Fro fE — WEEMEEI Iy 7R —

Ln FEOEWIZ L D KISTEEDOEALEZBET D=0,
BaYMn,0s.5 & BaLaMn,Os.s D T-HEiE D Ll 217 - 7=,
Fig4 27”779 Mn-O #&&RAE D crystal orbital Hamilton
population (COHP) [ ) 12X % &, Y, La RO WA IXHEH
FHFE (Osg) EFERWIFH (Ogg) P EBHIZOWNTH K
ZEVIIR SR, T ORERIL, BRI RO
R T A—H DK ERE WD Mn-O OFEAIRREICHESN T
FHTERWILEZRLTWS, —F, #ETRLX—D
BEOGERT D Z SIXBERGEY, £ 2 T, Ry
DERTORNEMEFEL, P ~—F L 7o xx
—&RDI-E A, 19 La RITBIT D 057D Ogp ~DFE
FIL S TIEY RICEHERTR 0%~ —F )L 7 =R )L F
—DOFENRRKRENZENHHA L, 2FV, YRE La D
BNS)FRT A — 2T, A FUoROBER S DEWNIC
HEERLTWSZ LTk D,

COFMRITEEHFIZL o Th A BN THo T, RER
5, b LKA Ao TR 2 R ET T, L' -0*
HEEED X0 /NS RO T NA A B OFES| 1358 &
BAONBENLTHD, RENMIE AL, Lald Y ITHRT
BRI 0, LA d oA MEAE M LT
BaLaMn,Os o 7> 5 BaLaMn,Og o ~DEEERIN ST Y R
ERTZXAF—FENRKREL RDEDOTH D, KFEOF
DEETIL, (FHHELRIIEEAENIMDOA A 720,
{EZZHIEE DN AVICHED TRITWS ) &b b H, F—U
VT OBREMEEOEEFEL D L, Y, Gd, Nd, La D
EIXHEDNTLTIIN D A Ao A XL & I RN
WS 725 (FRFh, 1.22,1.20,1.14,1.10), 2 K&
WCiX, Ln YA D BSERFEWIHHY A MIBEL T b7
O, TR O DT D REESM B2 EORE S LTK
EL I —AT v TENTZEHETE D,

%12, BaLnMn,Os. s Ln B KO3 R (3 L UVKHE
Bk ORIGEEICHLERREBEE5 202 L E2RT,
Fig.2 O AR ER SOGEERE & P72 bkl 2 V¢, — &
JE i LI KRR S OKRFBARBEE I Lz, BIRH
121, 0.2 g @ BaLnMn,0s % 500 °C (ZHNEA L 72723 &2
#H A (HON, H2.3/97.7, K 11.6 mL min™) & il &
B, FUSH AR ZE®E GC 12X VK2 R TE Ry
WL, &0 COKBERREZRE L CRKEAMBEELR
B2, Fig5 1237 & 51, La, Nd, Gd 3B CIIkFE Ak
MR ESNIZOIZKIL, Y BB CIIRZENIZE A ERITE
etz FOSMEIESET L7- La, Nd iRUEHClZ &k EEN
FSmL Eleos72nd, ZHUITEEERZEEAS = 0.5 IZxHE L,
{LESENRR (1) TRINDZEEIFL TN A,

BaLnMn,Os,5
5 MR TrTTTT T TorrTT T
L Sample: 0.2 g K |
4 - Feed rate F —
_, of H,0(g): 48
€ [ 0.27 mL min e
: 3_ ° -
C L]
8 L]
Ln=1Llae.
£ 2 ]
1 -
0 0 1 2 3 4 5
10 10 10 10 10 10
Time / min

Fig.5 Time variations of the total amount of hydrogen gas
produced through the water dissolution (500 °C) by
BaLnMn,Os, with Ln = La, Nd, Gd, and Y.
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