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Abstract

Hydrogen getter materials, most of which are metals and alloys forming hydrides,
are attractive for the establishment of safe handling techniques of a large amount of
tritium for the research and development of thermonuclear fusion reactors. To
develop materials suitable for tritium handling, it is indispensable to find some guiding
rules to predict thermodynamic parameters determining the equilibrium pressure of
tritium.

From this viewpoint, we searched for the relations between the observed heat of
hydride formation and physicochemical properties of metals and alloys for over 300
different data in about 100 systems. We found an empirical equation consisting of the
electronegativities of hydrogen and hydride formers. This equation could evaluate
the heat of the hydride formation for not only metals but also alloys consisting of even
three or more components with the standard deviation of about 4 kcal/mol (hydride).
Although this equation is not quite accurate, especially for those having relatively
small heat of hydride formation, it can be applied as a powerful guiding rule to design

tritium getters with adequate thermodynamic parameters for tritium handling.
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1. Introduction

A wide variety of hydride forming materials, which are mostly metals and alloys,
has been developed for storage/transport of hydrogen energy in the last two decades.?
In this application, those hydrides are expected to show the equilibrium pressure about
one to several atmospheric pressure at room temperature and high hydrogen/metal
ratios (H/M) in hydrides. On the other extreme cases, metals and alloys showing very
low equilibrium pressure for hydrogen and other gases have been developed for
applying them as bulk getter pumps to obtain clean vacuum.?

Those materials are also interesting and promising to establish safe handling
techniques of a large amount of tritium for the research and development of thermo-
nuclear fusion reactors.® The properties of them, however, will have to be refined more
for this application on 1) ease in activation, 2) adequate equilibrium pressure, which
should be as low as possible at room temperature and about one atmospheric pressure
at moderately high temperatures, for example at 500°C, 3) resistivity against powder-
ing, 4) inflammability with air exposure at operating temperatures, 5) adsorption and
desorption rate, 6) selectivity to absorb a given gas species in gas mixtures, 7) isotope
effects on the equilibrium pressure and absorption/desorption rate, and 8) durability of
the above mentioned characteristics. If those properties will be improved, they will
undoubtedly be quite useful for the tritium processing consisting of storage-supply-
recovery, purification of tritium gas containing impurity gases, and waste handling
such as tritium solidification. In addition, if those materials show large isotope effects,
they will be also valid for enrichment-separation of tritium in isotope mixtures.

From the viewpoint of the applications to tritium processing, we have studied
equilibrium properties such as heat of hydrogen absorption as well as kinetics and
mechanisms of the activation and absorption/desorption rate of three hydrogen iso-
topes using Zr-alloys as a model system.* 2 We have found that the mechanisms are
independent of the choice of alloying elements and alloy compositions. The equilibrium
and kinetic parameters, however, are considerably dependent on the alloy systems.

To develop a getter suitable for a given unit process. of the tritium processing,
equilibrium properties such as heat of hydrogen absorption and/or hydride formation
are of primary importance. Therefore, we have to develop some materials having
suitable equilibrium parameters. For this purpose, some guiding rules are necessary.
One of such rules is known as the rule of the reverse stability.!** This is, however,

applicable, as it stands, only to binary alloy systems, and even for them the estimated
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heat does not necessarily agree well with the observed value. Another one is the
nearest neighbor model.!s='? To estimate the heat of hydride formation with this
model, however, it is required to know the crystallographic and electronic structure as
well as the interaction energy between host and hydrogen atoms. Namely, it will be
applicable only to limited systems for which the above mentioned parameters are
known.

On the other hand, in the course of our investigation for Zr-alloys we have
observed a trend that the heat of hydrogen absorption increases with the decrease in
the electronegativity of alloying element. Based on this observation, the present paper
will describe an empirical relation between the electronegativities of materials and
heat of hydride formation and/or of hydrogen absorption for various metals and

alloys.
2 . Assumptions to evaluate the electronegativities of alloys'

The concept of electronegativity has been proposed by Pauling to explain bond
strength of molecules and/or compounds.'® This concept has been also successful in
the field of solid state chemistry: namely, the heat of oxide formation for various
metals is found to be linear functions of the electronegativities of metals.'® Similar
relations have been observed for the formation of hydroxide, sulfide, sulfate, nitrate
and so on.2” Those facts suggest that there will be similar relations between the heat
of hydride formation and electronegativity of hydride former.

The electronegativities of elements have been reported by several authors. In the
present paper, we used the values by Pauling cited from Huheey.?V As for alloys, we
adopted a similar assumption by Clifford,*® who assumed the electronegativity of the
OH radical to be xu/2+%,/2=2.8 to explain the change in the heat of hydroxide
formation with various elements. We further extended this idea to alloys with even
three or more components. For example, the electronegativity of an alloy, AxByC;
where A, B and C are the constituents of the alloy, and x, y and z are their atomic
fraction, the electronegativity was assumed to be the weighted arithmetic mean:

namely,
X(AxByCy) =X Xa+VXe+2Xc (1

where X, Xz and xc are the electronegativities of the constituents, A, B and C,
respectively. It means that the alloy is assumed as if an element having the

electronegativity of x(AxByC;)
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3. Results and Discussion

3.1. Calculation of heat of hydride formation

According to Pauling, the enthalpy change for the formation of AB from AA and
BB molecules is described as Q=23 (X, —Xg)? in kcal/mol unit. In the case of hydride
formation described as M+ (s/2) H,=MH; where M is the hydride forming material
and s is the stoichiometric number of hydrogen, the heat of hydride formation would
be

(—AH?) =23s(xy—2.20)? (2)

where Xy and 2.20 are the electronegativities of the material and hydrogen,
respectively. The values calculated from this equation, however, do not agree well with
the observed ones. This is due to the fact that the hydride actually formed is not MH;
molecules.

On analogy from oxide formation,?? we considered that some correlations would
appear between the observed heat and the value calculated from Eq. (2) . To look for
such relations, over 300 data for metals and alloys in about 100 systems were cited
from literature.'?*?¥ The data for alloys are mostly for so called hydrogen storage
materials. Those data were compared with the values calculated from Eq. (2) and they
were fitted with the least square method. Consequently, we found the following
equation which reproduced fairly well the observed heat of hydride formation. It will

be denoted as the calculated heat of hydride formation in the present study.
(—AH)calc=23s(xn—2.20)+3.72s —3.72 (3)

The unit of the calculated heat is kcal/mol (hydride).

During the least square fitting, we observed that the heat of formation for trihy-
drides largely deviated from the calculated one. For those trihydrides, we took account
of the fact that they have the first plateau in a region forming dihydride, and subse-
quently the second plateau appears in the trihydride phase. Therefore, it is considered

that the formation of trihydride takes place in two step reactions as

M+H,=MH, ' 4)
MH, + (1/2) H, = MH, (5)

It means that the heat of trihydride formation should be the sum of the heat for

reactions (4) and (5). To calculate the heat for reaction (5), we assumed the
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electronegativity of dihydride as

X(MHz) ZXM/3+ZXH/3

(6)

By using this value, the heat for reaction (5) could be evaluated from Eq. (3). This value

was added to the heat of formation for reaction (4), which had been calculated from Eq.

(3) and the sum was adopted as the heat of trihydride formation. This sum corresponds

to the experimentally observed one.

With respect to Zr-alloys, we had to assume the stoichiometric number, s, because

of the lack of experimental data. It was assumed that each of the constituents of a

given Zr-alloy reacts stoichiometrically with hydrogen. For example, ZrV,+2H=

ZrV,H,, where the number 4 was evaluated as (ZrH,+2VH). Similarly, we assumed
Zr,FeH, for Zr,Fe(2ZrH,+FeH), Zr,NiH; for Zr,Ni(2ZrH,+NiH), Zr;Al,H, for

Table 1. Comparison of the two different calculations and observations
for heat of hydride formation.

. _AHcalc
Material —AHows Reference 14 Present study
ScH, 56 45.1 43.0 33.4
TiH, 30.4 31.8 23.7
VHos 3.9 4.3 1.9
VH, 13.0 8.0 18.6
CrH 1.9 1.4 6.7
MnH,¢ 0.9 4.8 7.3
CoHygs 0.0 1.1 -0.6
NiH,s 0.4 -1.4 -0.9
YH.s 47.7 41.8 42.2
YH,s 58.8 49 .4 63.3
ZrH,, 29.7 37.3 25.8
ZrH, 39.8 45.6 38.5
NbH,s 5.0 6.8 2.3
NbH, 14.5 20.3 20.2
MoH 1.4 0.5 -0.1
RhH,s -2.1 -1.4 -1.8
PdH, 5 2.5 -0.7 -1.9
LaH,, 44 .4 37.1 53.0
LaH,, 54.8 45.1 55.8
HfH,s 7.6 11.9 7.9
HfH,, 27.1 35.5 34.2
TaH,s 4.6 6.1 3.8
ThH, 35.4 47.0 40.9
ThH;, 48.8 55.0 44.7
UH, 30.5 17.2 24.6
PuH, 37.6 26.0 40.9

—AH,.. and —AH, are in the unit of kcal/mol (hydride)
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Zr ;AL (3ZrH, +2AIH) and so on. This assumption is quite similar to that adopted in

the rule of reverse stability.!®

3.2. Comparison of the calculated heat with observed one

A method to estimate the heat of hydride formation has been reported by
Miedema ef al.**'* To examine the Validity of the present empirical equation, the
values estimated from those two methods ére compared with the observed ones. Table
1 summarizes the comparison of those three values for various hydrides and they are
plotted in Fig. 1. In these table and figure, it is seen that the estimation by Miedema
and Bouten'® gives better agreement with the observed heat for some of hydrides than

the present estimation, while the present one is better than the Miedema and Bouten’s

N T TT T T T T T 1T 7 17 T 171
o : Bouten and Miedema
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Fig. 1. Comparison of the observed heat of hydride formation for some
metals and heat calculated with two different methods
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Table 2. Summary of the observations and calculations with Eq. (3) for heat of hydride
formation for various metals and alloys

Material | —AHu'*| s | —~AHo?* | —AHa?*| A | Ref
ScH, 41.40 2.00 | 1.36 41.40 36.14 5.26 1
ScHuox 48.00 2.00 1.36 | 48.00 36.14 11.86 | 1
TiH, 101 29.90 1.97 1.54 29.47 23.32 6.15 1
TiH, 1 33.50 1.85 1.54 30.99 21.66 9.33 1
TiH, 31.80 2.00 1.54 31.80 23.72 8.08 1
VHos 8.28 0.50 1.63 2.07 1.87 0.20 1
YH, 54.00 2.00 1.22 54.00 47.86 6.14 | 23
YH, 44.40 2.00 1.22 44.40 47.86 | - 3.46 1
YH, 54.30 2.00 1.22 54.30 47.86 6.44 1
ZrH,, 30.00 1.50 1.33 22.50 27.94 | -5.44 | 1
ZrH,, 39.00 2.00 1.33 39.00 38.50 0.50 1
NbH,s 11.30 0.50 1.60 2.83 2.27 0.56 1
NbH, s 9.58 0.50 1.60 2.40 2.27 0.13 1
NbH,. 9.76 0.50 1.60 2.44 2.27 0.17 1
PdH,, 6.80 0.50 2.20 1.70 -1.87 3.57 1
LaH, 49.60 2.00 1.10 49.60 59.34 | -9.74 | 23
LaH, 49.70 2.00 1.10 49.70 59.34 | - 9.64 1
CeH,, 52.00 1.90 1.12 49.40 54.28 | - 4.88 1
CeH,_, 54.90 2.00 1.12 54.90 57.33 | - 2.43 1
CeH,_, 49.20 2.00 1.12 49.20 57.33 | - 8.13 1
CeH, 49.30 2.00 1.12 49.30 57.33 | -8.03 | 23
PrH, 49.70 2.00 1.13 49.70 56.35 | - 6.65 1
PrH, 47.80 2.00 1.13 47.80 56.35 | - 8.85 1
PrH, 49.30 2.00 1.13 49.30 56.35 | -7.05 | 23
NdH, 50.50 2.00 1.14 50.50 55.37 | - 4.87 1
NdH, 44.80 2.00 1.14 44.80 55.37 | -10.57 1
SmH, 48.20 2.00 1.17 48.20 52.48 | - 4.28 | 23
SmH, 53.30 2.00 1.17 53.30 52.48 0.82 1
GdH, 46.90 2.00 1.20 46.90 49.68 | - 2.78 1
TbH, 50.90 2.00 1.21 50.90 48.76 2.14 | 23
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Table 2. (continued)

Material —AHows'* s Xu —AH?* | —AHe?® A%* Ref
DyH, 52.70 2.00 1.22 52.70 47.86 4.84 23
HoH, 54.00 2.00 1.23 54.00 46.96 7.04 23
ErH, 53.50 2.00 1.24 53.50 46.07 7.43 23
ErH, 54.20 2.00 1.24 54.20 46.07 8.13 1
TmH, 53.80 2.00 1.25 53.80 45.20 8.60 23
YbH, 43.40 2.00 1.26 43.40 44.33 ~0.93 23
LuH, 49.50 2.00 1.27 49.50 43.47 6.03 23
TaH,;s 8.60 0.50 1.50 2.15 3.77 ~1.62 1
ThH. 35.20 2.00 1.30 35.20 40.94 -5.74 1
ThH, 34.30 2.00 1.30 34.30 40.94 -6.64 1
ThH, 35.00 2.00 1.30 35.00 40.94 -5.94 1
UH, 20.60 3.00 1.70 30.90 24.63 6.27 1
UH, 19.20 3.00 1.70 28.80 24.63 4.17 1
UH, 20.30 3.00 1.70 30.45 24.63 5.82 1
UH; 20.50 3.00 1.70 30.75 24.63 6.12 1
UH, 20.10 3.00 1.70 30.15 24.63 5.52 1
NpH, 28.00 2.00 1.30 28.00 40.94 -12.94 1
PuH, 37.40 2.00 1.30 37.40 40.94 -3.54 1
PuH, 37.30 2.00 1.30 37.30 40.94 -3.64 1
PuH, 35.40 2.00 1.30 35.40 40.94 -5.54 1
TiFeH 6.60 0.50 1.69 1.65 1.18 0.47 24
TiFeH,, 5.50 0.95 1.69 2.61 5.59 -2.98 24
TiCoH,., 13.80 0.70 1.71 4.83 2.74 2.09 24
TiLaH, , 13.80 0.70 1.711 4.83 2.74 2.09 24
TiMn,sHa..r 6.80 0.99 1.55 3.36 9.66 -6.30 24
ZrCoH,, 16.40 0.80 1.61 6.56 5.77 0.79 27
ZrCoH, 5 19.50 0.65 1.61 6.34 3.99 2.35 26
LaNisH, 7.10 1.00 1.78 3.55 4.13 -0.58 24
LaNi;H, 7.20 1.00 1.78 3.60 4.13 -0.53 28
LaNi2H, 12.40 0.67 1.64 4.14 3.56 0.58 28
LaNiH;, 25.00 1.95 1.51 24.38 25.16 -0.78 28

8
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Table 2. (continued)

Material —AHgps'* S XM —AH** | —AHcal?2* A3 Ref
La,Ni,H,, 36.40 1.90 1.34 34.58 35.41 -0.83 | 28
LaFe,H, 19.00 1.00 1.71 9.50 5.55 3.95 | 24
LaCr, H, 25.00 1.00 1.57 12.50 9.20 3.30 | 24
CeNiH, 3.40 1.00 1.78 1.70 4.08 2.38 | 24
PrNisH, 7.30 1.00 1.78 3.65 4.04 -0.39 | 24
NdNisHe 7.00 1.00 1.78 3.50 4.00 -0.50 | 24
MmNis He s 6.30 1.05 1.78 3.31 4.53 122 | 24
MmCos Hs 9.60 0.50 1.75 2.40 0.46 1.04 | 24
T.O.QL 0.1
loofod H,.| 13.20 0.75 1.69 4.9 3.58 1.37 24
Tias V0o, | 15090 0.70 1.72 5.57 2.66 201 | 24
TiCoos 1 11,20 0.85 1.63 4.76 5.82 1.06 | 24
T-Co 0.5 1.4
L0p5
ey, | 10-10 0.60 1.70 3.03 1.98 1.05 | 24
TiCosss 1 12,10 0.65 1.71 3.93 2.22 1.72 | 24
_ 0.25 1.3
T‘C°°~’; H 15.20 0.75 1.71 5.70 3.13 2.57 24
. 0.2'5 1.5
T‘Fe"-slj::-“l | 10.80 0.80 1.69 4.32 4.10 0.22 | 2
M, 7.00 1.00 1.57 3.50 9.02 | -5.52 | 24
TiFeosCro.H | 7.20 0.50 1.68 1.80 1.28 0.52 | 24
TiFeosCro,H | 8.50 0.50 1.67 2.13 1.38 0.74 | 24
TiFe,
Vi, 1| 7-00 0.50 1.68 1.75 1.26 0.49 | 24
TiFe,
"M, H|  6-60 0.50 1.67 1.65 1.35 0.30 | 24
TiFe,
“Mng,H| 760 0.50 1.66 1.90 1.52 0.38 | 24
TiFessCon H|  7.30 0.50 1.69 1.83 1.14 0.68 | 24
TiFe,sConsH | 7.80 0.50 1.69 1.95 1.12 0.83 | 24
TiFeosNi, H |  8.30 0.50 1.69 2.08 1.13 0.94 | 24
TiFe,
" H|  9-00 0.50 1.69 2.95 1.11 114 | 24
TiFessNio.H |  10.00 0.50 1.69 2.50 1.09 1.41 | 24
TiFe,sNiosH | 10.80 0.50 1.71 2.70 0.95 175 | 24
La0sNdq, B
aoeNdge 1 7.20 1.00 1.78 3.60 .11 0.51 | 24
LaoslGos o 7.20 0.75 1.78 2.70 2.13 0.57 | 24
15,5

LaoaYor o 1 7220 0.67 1.78 2.40 1.47 0.93 | 24
511y

LaNi,CuH, 9.60 0.83 1.77 4.00 2.86 114 | 24
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Table 2. (continued)

Material —AHge'* s Am —AHyp?* | —AH%2* A%* Ref
LaNie 4| 8.7 0.83 1.76 3.62 3.16 0.47 | 24
L Ni 0.4 5

alN1y6
o fn,,H,| 860 0.83 1.75 3.58 3.22 0.3 | 24

aiNly,, _

Un, H,| 860 1.00 1.75 4.30 4.62 0.32 | 24
LaNiIn.Hs| 9.50 0.83 1.77 3.96 2.97 0.99 | 24
LaNieIn. Hs|  9.50 1.00 1.77 4.75 4.31 0.44 | 24
LaNi,,

“nom,|  9-20 0.83 1.77 3.83 2.94 0.89 | 24
LaNi,

“Spo H,|  9-20 1.00 1.77 4.60 4.27 0.33 | 24
TaNi,

“Gan H,| 840 0.83 1.77 3.50 2.94 0.56 | 24
LaNi,, . _

“GaH,| 840 1.00 1.77 4.20 4.27 0.07 | 24
LaNige o 8.50 0.58 1.77 2.48 0.87 1.61 | 24

141135
LaNiee e H,| 820 0.67 1.78 2.73 1.43 1.31 | 24
MrmosCage 7.60 0.83 1.77 3.17 2.95 0.21 | 24
Mm°-9Ti°i-; LT 0.75 1.78 2.78 2.07 0.71 | 24
MmNi,, i

I\IIVIoO.sHe.s 4.20 1.10 1.80 2.31 4.48 2.17 | 24
MmNi, s B

GsHea 610 1.0 1.76 3.20 4.88 1.68 | 24
MmNie | 660 | o063 | 177 | 2.09 126 | 0.82 | 24

N. CI(.)S 3.8
MmNi, ;Cro.s _

Noati| 710 1.15 1.75 4.08 5.89 1.81 | 24
MmN‘“MfD"g L7 0.87 1.74 3.4 3.65 -0.23 | 2
MmNGs .. 5.50 0.82 1.75 2.25 3.11 -0.86 | 24
MmNi, s

Cooyal 840 0.87 1.76 3.64 3.30 0.35 | 24
Mm°-’5T‘i‘;-25“ 7.20 0.73 1.79 2.64 1.78 0.85 | 24
Mm, ,Ca,. . -

G2 | 6.60 0.83 1.77 2.75 2.86 0.11 | 24
MumossCooss, | 7,80 0.83 1.77 3.25 2.89 | 036 | 2
MiosCaos 1 760 0.83 1.77 3.17 2.95 0.21 | 24
MmozsCors, | 7.10 0.83 1.76 2.96 3.02 0.06 | 24
MmBiesCless | 6,70 1.05 1.75 3.51 4.97 -1.46 | 24
MmNl 7.10 1.13 1.76 4.02 5.49 147 | 2

- 0.05 6.8
MmNi sMnos | g 7 0.98 1.74 4.75 4.60 0.14 | 24

Zl:o.osts.s
Mle*;i\f:‘“ 7.90 1.16 1.74 4.57 6.14 -1.54 24
MmNiMpes |9 10 0.87 1.69 3.95 178 | -0.82 | 24

10
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Table 2. (continued)

Material —AHgps'™* s Am —AHo?* | —AH%* AR Ref
mNieshe 6.10 1.03 1.74 3.15 5.04 -1.89 | 24
i, 0.025416.2
MmN‘“M“r‘;‘j | 740 0.95 1.74 3.52 4.40 0.88 | 24
e R 0.83 1.75 3.04 3.26 0.22 | 2
) 0.05 5.3 -
MmN‘;:fs“m 6.10 0.96 1.74 2.93 4.58 1.65 | 24
MmNigAles, | 6.90 0.83 1.75 2.87 3.33 | -0.45 | 24
ZrV,H, 35.00 1.33 1.53 23.33 | 14.97 8.35 | 29
Zr,FeH, 28.00 1.67 1.50 23.34 21.40 194 | 29
Zr,NiH, 29.00 1.67 1.52 24.17 20.02 415 | 29
Zr, Al H, 32.00 1.44 1.60 25.60 23.34 2.26 | 29
Zrey Vs Fess 11.50 1.33 1.60 7.66 12.36 -4.70 | 29
Zrys Vg _
£ H.| 13.50 1.33 1.59 8.98 12.77 3.79 | 29
Zrys Vs, }
Rl 2000 1.33 1.55 19.95 14.09 5.86 | 29
ZrsrVae | 28.00 1.57 1.44 21.98 23.11 -1.13 | 29
7 156

1% :in kcal/mol(H,) unit
2 % : in kcal/mol (Hydride) unit
3% A= (_AHob“) _l(‘—AHcalz*)

for other hydrides. As a whole, the agreement between the observed and calculated
heat is comparable for those two different estimation methods.
| It should be mentioned here that the method by Miedema and Bouten requires the
effective work functions, cell electron densities and molar volumes of host material
and hydrogen'¥ They are, however, not always available, especially for
mtﬂticomponent alloys. In fact, their method is not applicable for those alloys whose
number of components is over three, as it stands, because of the lack of data mentioned
above and/or methods to estimate them. On the contrary, the present method only
needs to assume the additivity of electronegativities of constituents. In addition, the
electronegativities of most elements have been determined and tabulated in the
literature.?? Consequently, it can be applied quite easily to the alloys of three or more
constituents.
In Table 2, the calculated values of heat of hydride formation are compared with
the observed ones for various metals and alloys of over 300 data. It is seen in the table
that the standard deviation of the calculated values from the observed ones is about

4 kcal/mol (hydride). They are plotted in Fig. 2 in double logarithmic scale. Some of

11
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them which are attractive from the viewpoint of tritium handling are plotted in Fig.3
in enlarged scale for convenience. A fairly good linear relation is seen between the
calculated and observed values in those figures, although there are some largely
deviated points. In addition, in comparison with the relations observed for the enthalpy
changes in the formation of oxide, hydroxide and others,> the scattering of the points
in the present paper is somewhat larger. This is because the enthalpy changes for those
reactions are much greater than that for hydride formation and hence small deviations
disappear in the large values for those reactions. The scattering observed in the
present study also arises from the fact that the present empirical relation does not take
account of the electronic and crystallographic structures of host materials and resul-

tant hydrides which undoubtedly play important roles for determining the heat of

100 T T [ TTTT] T T [ TTTI1

LI

n
=)
I

1

-
o

(&)}

—AHopslkcal/mol(hydridel]

1 1 Lot I 11y
1 5 10 50 100
—AHy[kcal/mol(hydridel]

Fig. 2. Double logarithmic plots of the observed heat of hydride formation
against calculated one from Eq. (3)
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hydride formation. It should be mentioned here that the present empirical equation is
not valid for alkali and alkaline earth metals. The calculated values using Eq. (3) for
them are largely deviated from the observed ones. That is, the present equation is not
applicable for the ionic hydrides.

In spite of the fact that the electronegativity concept has been originally proposed
to explain the stabilization of the bond of a heteronuclear molecule by resonance, it is
apparent that this concept is quite valid to estimate enthalpy changes for a wide
variety of solid state reactions including the formation of oxide, hydroxide, sulfide,
nitride and hydride, although some correction factors are added to the term of
23s (Xm— xg)? for those solid state reactions.”® With respect to those correction terms,
the requirement for them is considered to arise from the fact that a solid material is
not an aggregation of isolated molecules, but it is a material having definite

crystallographic and electronic structure.
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Fig. 3. Comparison of the observed heat and calculated one for some alloys
which are attractive to tritium handling
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The presence of the close correlation between the observed heat of hydride
formation and the electronegativity indicates that the resonance stabilization of bonds
is of prime importance. This is especially true for the hydrides showing large enthalpy
change because the contribution of the correction terms is much smaller than that of
the first term in Eq. (3). This means that the nearest neighbor interaction plays a
dominant role to determine the heat of hydride formation. On the other hand, the
difference in the crystallographic and electronic structures of solid materials appears
to play a minor role. This is partly due to the fact that the value of electronegativity
of a given element is an average over a number of different chemical bonds and/or
materials containing the element and hence the effects of the crystallographic and
electronic structure may be buried in the averaged value. This is a reason that the
structure effect appears to be minor. It should be mentioned here, however, that the
electronegativity of an element changes with the hybridization of electron orbits which
participates the formation of a chemical bond. 2129 Consequently, it changes with
crystallographic and electronic structures. This appears to be also a reason of the

séattering of the points in the figures of the present paper.
4, Conclusions

An empirical equation was presented to estimate the heat of hydride formation
and/or hydrogen absorption. This equation contains only the electronegativity of
element and the stoichiometric number of hydrogen in hydride. To apply this equation
for alloys, it requires only a simple assumption that the electronegativity of the alloy
is the weighted average of the electronegativities of the constituents. Because the
electronegativities of most elements have been determined and tabulated in the litera-
ture, it can be applied quite easily to alloys consisting of even three of more compo-
nents as well as metals. Consequently, the present method is more advantageous in
comparison with Miedema and Bouten’s method and/or the nearest neighbor model,
although there are several defects in the pfesent relation: namely, 1) dearth of
sufficient accuracy, 2) ambiguity of theoretical significance, 3) want of a-priori
determination of the stoichiometric number, s, and 4) inapplicability to alkali and
alkaline earth metals. They are , however, surpassed with the advantages mentioned
above. It can be, therefore, applied as a powerful guiding rule to develop not only
hydrogen storage materials, but also tritium getters for the safe handling of a large

amount of tritium consisting of storage, supply, recovery and so on.
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