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Why neutron’?
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 Smythetal., (1987):
Wadsleyite O1 site—>OH-
max. 3.3 wt % H,0=#hFR/K X 4

.. Because the amount qf H,O is so vast, one is
reminded of]ules Verne's (1864) ﬁctiona[ exp[orer,
Professor Lidenbrock, who discovered an ocean in
the Earth’s interior. However, evaluation of this
nteresting possiloi[i‘cy in the current century will
require [aboratovy exp[ora’cion of the eﬁCect of H on
the s’cabiﬁty, structure, and physical properties cf

wads[eyite, rather than ﬁe[d work with ropes and
ladders.




HOEFEEZOEE

* IR, SIMS, Raman; HDFIEMEEE Max ~ 3.1 wt. %
(e.g. McMillan et al., 1991; Inoue et al., 1995; Kohlstedt ez al., 1996, ...)

« YIEANDFE . KX
- MEEBEDZEL - 410 km TEHKZE DR
1wt.% H,0 Wds-RwHHERF% 0.7GPa (20km) S [E A~
I2HNIELZED  (eg. inowe etal. 2010)
- EEMMEE > MEREE
1wt.% H,O0 Bulk modulus 7.6 % 1B (e.0. Mao et al. 2008)
« BEXECEEDIET > HEEEANDGHIEY




How to incorporate H into NAMs

Ex.) MO6 Octahedron
Oxygen

Cation Vacancy

Hydrogen
® yarog

H-bond i
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Covalent bond H-bond

Donor
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HIZECIC? CTNFETOIHE

Possible O...0 in Wadsleyite; 17
Smyth (1987.1994); O1, strong c-axis polarization <calc.>

Downs (1989); 02 <calc.>

Kohn et al., (2002); disorder among 14 sites <NMR, IR>
Jacobsen et al., (2005); O1 <Polarized IR, SC-XRD>
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Smyth (1987)" s model
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Possible H sites
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Purpose of this study
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o JIFHBTILFFTUEILTLR (@EILK)
— 2BRB7E L (32mmO. TEL6 mm)

o BRLEH: 17 GPa, 1300°C, 1h
Fo (Mg,Si0,) + CEn (MgSiO,) + D-Brucite (Mg(OD),)
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* 40 mg, not sintered polycrystalline sample (20 ~ 50 um)

D-Wadsleyite
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P14 FENELEER

* D20, ILL
Monochromized by Ge (115); L = 1.87 A
V-can $5mm, in vacuumed tank
Rietveld refinement ; GSAS&EXPGUI (Larson and Von Dreele 2004; Toby 2001)
* Single Crystal X-ray diffraction experiment (SC-XRD) @ BL-10A PF, KEK

o Sb
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To emboss tiny amount of D- -
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NPD data

~

Dry model (SC-XRD)

/ Rietveld 1 \ / Residual peak \

= Deuterium atom

Difference
Fourier Analysis

MMLMJLM
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Rietveld 2
Deuterated model

}E:>[ Refined structure ]
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Raw data

Sufficient quality by exposure of 270 min for 40 mg sample
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Dry Model: Result of SC-XRD

* Occupancy

— M1,M2 ; 100%, M3; 88 %

o . —_ S ~ /7 . .
— SisitelZ4>9 MERME. Si2 siteDTFTE
. —_ )7 LS . =
M3 sitel ZREMBDAHEESDHSRIETFETED
(Smyth et al., 1997; Kudoh and Inoue, 1999)

Atom x/a y/b zlc Occupancy Uy, U,, Uss Uy, Uyss Uy, Ug,
Mgl 0 0 0 0.991(3) 0.01063(14)  0.00608(12) 0.01194(14) 0.00167(9) O 0 0.00955(8)
Mg2 0 0.25 0.97038(4) 1 0.00746(11)  0.00508(10)  0.00537(10) 0 0 0 0.00597(6)
Mg3 0.25 0.12372(2) 0.25 0.879(2) 0.00582(10)  0.0107(11)  0.00631(9) O -0.00053(6) 0 0.00761(6)
Si1 0 0.12061(1)  0.61593(2) 0.981(2) 0.00439(6)  0.00482(6)  0.00424(6)  -0.00011(4) O 0 0.00448(4)
Si2 0.5 0.1376(14) 0.1269(18) 0.012(2) 0.0063(34)
01 0 0.25 0.22223(8) 1 0.00529(18)  0.00883(18)  0.00865(19) 0 0 0 0.00759(8)
02 0 0.25 0.71623(7) 1 0.00803(19)  0.00581(16)  0.00509(16) 0 0 0 0.00631(8)
03 0 0.98791(4)  0.25594(5) 1 0.00754(14)  0.00732(12) 0.00599(12) 0.00116(10) O 0 0.00695(6)
04 0.26053(5)  0.12345(2)  0.99416(4) 1 0.00554(9)  0.00671(9)  0.00662(8)  0.00012(6)  0.00074(7)  0.00009(7)  0.00629(5)




Rietveld refinement with Dry model
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Residual peak in Difference Fourier Map
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Rietveld refinement with Deuterated model
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Rietveld refinement with Dry model
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Refined D position

e M3edge, 01...043.071 (3) A

e 01-D1.037(15) A, D...04 2.041 (15) A
Z01-H..04171.7(5) ©

- IR Main band M55\ V% & 4 % 55 BH




Final answer ?

N N N P

0.2610(2)
0.096(2)

0.25
0.1233(3)
0.1205(3)
0.25
0.25
0.9875(1)
0.1238(3)
0.289(12)

0.9690(4)
0.25
0.6165(3)
0.2226(4)
0.7145(3)
0.2560(3)
0.9937(2)
0.315(2)

© F P P P PP O P P

oo
|
O

082(4)

OBAENLFTHET HE1.19 wt.% D,0
> b/aMBKOHT= 1.59 wt.% D,0LYIELVE

0.66(3)
0.66(3)
0.66(3)
0.33(5)
0.34(2)
0.34(2)
0.34(2)
0.34(2)
1.60(61)
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O1-H---O3 ?

Difference Fourier Map

01..03DEIFZEE—Y
bent hydrogen bond % RIZ
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H, M3 site cation migration -> strong anisotropic along a-axis
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mill il

BEE HDHFEAT HITEDLD
B AH=X Ls: proton ? Polaron ?
(e.g. Manthilake et al., 2009, Dai and Karato 2009 )




Conclusions

« D-WadsleyiteZz &L . FEF3EERZD20, ILLTITo7=
e M3site®¥E, 01...04 (3.07 A)ICDAMIE .
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