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Parameter High temperature- Ball-milled Variation (%)
high pressure
a [A] 4.5010(1) 4.521(1) 0.44
c [A] 3.0100(1) 3.009(1) -0.03
B...(Mg) [A] 0.56(5) 1.2(1) --
D (x/a) 0.3040(2) 0.2996(6) -1.45
B..(D) [A?] 1.69(4) 2.54(9) --




Parameter High Ball-milled | Variation
temperature- (%)
high pressure

a [A] 4.5051(2) 4.50(1) 0.1

b [A] 5.4197(2) 5.46(1) 0.7

c [A 4.9168(2) 4.92(1) 0.1

Mg 0.3313(6) 0.320(5) 3.4
B...(Mg) 0.18(6) 0.8(4) --

[A7]

D (x/a) 0.2727(5) 0.280(3) 2.7

D (y/b) 0.1089(4) 0.104(2) 4.5

D (z/c) 0.0794(4) 0.073(5) -8.0

B..(D) [A?] 1.30(6) 0.9(2)




Ball-milled

High temperature- Variation (%)

high pressure

B-MgD, 1.9351(9) 1.915(4) -1.0
B-MgD, 1.9549(6) 1.976(5) 1.1
v-MgD, 1.915(3) 1.92(2) 0.3
v-MgD, 1.943(3) 1.93(2) 0.7

v-MgD 2.004(3) 2.04(2) 1.8
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Hydrogen Cycling of Niobium and Vanadium Catalyzed
Nanostructured Magnesium

H. Gijs Schimmel,T Jacques Huot* Laurent C. Chapon ® Frans D. Tichelaar," and
Fokko M. Mulder*t

J. AM. CHEM. SOC. 2005, 127, 1434814354
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Figure 1. The Mg-rich part (44-100at.% Mg) of the Mg—Pd phase diagram according
to data from this study; only data points obtained from thermal analysis measurements are

~shown in the graph; the question marks and dashed lines indicate unresolved problems;
phase labels are located in the Pd-rich two-phase ficlds.
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Crystal structure
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Mg6Pd

Atom Wyckoff Coordinates U, (102 A%
position
Pd 166 (x, 5, X)X =06 0.06 (fixed)
Pd 166 (x,5,%) x=040632) 0.02 (fixed)
Pd 166 %% %) x=09007(3) L1Q2)
Pd 16e (X, X, X) x=10.6690(8) 3.2 (fixed)
(occ =0.324)
Mg 16e (X, X, x) x=10.6690(8) 0.6(7)
(occ =0.676)
Mg 4d (3/4, 3/4, 3/4) {62 )
Mg 16e (x,x,x) x=0.1932(4) 0.4 (fixed)
Mg 24f (x,0,0) x=0.376(1) @
Mg 24f (x,0,0) x=0.104(1) 2.48)
—
Mg 249 (x, 1/4, 1/4) x = 0.053(1) 0.4(4)
—
Mg 48h ®,%2) x=0.1493(7) 2.9(4)
2=0.033(1)
Mg 48h x,%7) x=0.0932(5) 0.93)
z=0.2702(7)
Mg 48h &2x,2) x=0.1478(7) 1.05)
2=0.528(1)
Mg 48h (x,%2) x=0.0550(4) 1.2(4)
z=0.7647(8)
Mg 48h (X,%,7) x=0.2018(6) 2.9(5)

z=0.9111(9)




U.

.o Parameters for magnesium a

148 Mg atoms with U, >
194.82 Mg atoms with

Number of Pd ato
Ratio 194.82/53.

Ratio of ma
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Atom Wyckoff position Coordinates U, (102 A%
Mg.Pd,:
Space group: P6,/mmc (194); a = 8.6735(5) A; c = 8.1745(7) A ; V =532.57(6) A3
Pd 2d (1/3, 2/3, 1/4) 1.3(3)
Pd 6h (x, 2x, 1/4) 0.7(1)
x = 0.1223(3)
Mg 2a 0, 0, 0) 0.3(3)
Mg 6h (x, 2x, 1/4) 0.92)
x = 0.4585(6)
Mg 12k (x, 2%, Z) 1@
x = 0.1932(4)
2 = 0.9400(7)
MgD,:
Space group: P4,/mnm (136); a = 4.5029(1) A; c =3.0126(1) A ; V =61.084(5) A3
Mg 2a 0, 0, 0) 1.314)
D 4f (x, x, 0) 2.17(3)
x = 0.3040(2)
R-factors:

PND: R{ =5.69%; R =4.33%; XRD: R =11.78%; R =8.73%;

Combined: R, =6.04%; R =4.50%; %= 2.905




Intensity (a.u.)

— , , , , , ,
Neutron' -
| . X-ray
. = ;
‘ 20
L | | :
l | | l | \ .
| | | | || I e
| Lo | I L 10 e
LR LR B B B B L L DL LR LR B
20 30 40 50 60 70 80 90 100 110




Third plateau
Atom Wyckoff Coordinates U, (102 A?)
position
MgPd:
Space group: Pm-3mec (221); a =3.1570(3) A; V =31.46(1) A3
Mg 1a (0, 0, 0) 2.4(3)
Pd 1b 1/2,1/2, 1/2) 1.72)

MgD,:

Space group: P4,/mnm (136); a = 4.5036(1) A; c =3.0127(1) A ; V
~61.106(6) A3

Mg 2a (0,0, 0) 1.21(4)
D 4f (x, x, 0) 2.19(3)
x = 0.3043(2)

R-factors:
PND: pr=5.86%; Rp=4.47 % 3; XRD: pr=21.29%; Rp=16.55%;

Combined: R =6.72%; R =4.78%; x? = 5.695
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Table 1 — Results of the Rietveld refmement of MgsPds -

reaction (2]. Values in parentheses are error bars on the
last significant digit.

Mg=Pds: Space group Péa/mmc; a = 8.678(3) A; c = 8.163(6)
AV =5324(4) A7

Atnn Site X v z TS
(107" A7)
My FE 0 0 Q 2 N3]
Pd 2d 1/3 2/3 174 1 3{5]
P &h M126(3) 02526 1M 2.2{1)
Mg &h L454(4) 090RF) 14 L0f1)
My 17k OE1N?) O6BE) 00343 Ty
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Table 2 — Calculated and measured phase abundances for each reaction. Values in parentheses are error bars on the last
significant digit

Froducts Caloulated soccording to the reechon equabions Me ssured by Rietweld refinements (art 3
[art %)
Mp=Pd Mp=Pd Mghd 1 o Fe Mg MpgPd MgPd: MgPd MgDs Fe
A= milled s — — — 15 5(2) B8OS4 —~ — — 15.3{2)
Alter machon (2] - 5315 - 315 15 - - S2.0{5] - 1) 17 2 )
Alter macfion (3] - - 508 4.3 15 - - - S0A(5) 43.9{1) 16.10:2)
Fully desorisad - = = = 15 = 7528 12 3(H) = = 13 8(2)

Table 3 -

size and strain of

undoped products of reaction (3). Values in parentheses

are error bars on the last significant digit.

Fhese Sample Crystellite size ([nm) Strein (3)

Mghd MgePd 4 Fe ThE work 25 1 B1{3)
Mg:Pd Rel. [12] 46 10) 1 92{2)

Mgh: MgePd 4 Fe ThiE work 518 05(1)
Mg.Pd Rel [13] 115{5) 0.3803)

Table 4 — Crystallite size and strain of as milled and fully

desorbed MgsPd (+ 15 wt.% Fe) compound. Values in
parentheses are error bars on the last significant digit.

A5 milled

Fully desorbed

Crystallite s (rm)
Strain &)

18(5)
1. 22(4)

18(3)
1 1043)
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