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Nuclear relaxation in the dideuterides of hafnium and titanium
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The deuteron spin-lattice relaxation in the substoichiometric dideuterides(HEB<x<1.90) and
TiD,(x=1.91) has been measured at temperatures between 300 and 830 K. The results are compared with
previous proton NMR measurements on dihydrides of similar hydrogen contents. The deuteron relaxation rate
I';, which consists of quadrupolal’{ 4.9, dipolar 'y 4i), and electronic(, ¢ contributions, is dominated
by I'; quag The deuterium atoms jump predominantly from occupied tetrahedral Sitesitds to nearest-
neighbor vacanT sites. The fluctuations in the electric field gradients are related to the jumps of the vacancies
on the deuterium sublattice. THg, ., maximum occurs at a lower temperature than Ihg;, maximum,
reflecting the higher jump frequency of the vacancies compared to that of the deuterium atoms. The tempera-
ture dependence df, 4 Yields the activation enthalph, of the deuterium vacancies and thus that of the
deuterium atoms in the dideuterides. Thekgvalues are in good agreement with the activation enthalpies of
hydrogen atoms in corresponding dihydrides.
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. INTRODUCTION Iy 4ip are availablé?*®*°The results of these calculations
depend slightly orx/2, the occupation probability of a site in
The group IVb transition metals titanium, zirconium, andthe sc lattice. Sholl has introduced an analytic form for the
hafnium absorb large quantities of hydrogen to form metallicspectral densiti¢$ which adequately represents the numeri-
dihydrides MeH with similar physical properties. These di- cal data. Fox=1.9, the relaxation rates are well represented
hydrides are generally non stoichiometric with hydrogenby the Monte Carlo calculations and a fit of Ref. 19 to the
concentrations betweex~1.5 and 2. In the lower part of experimental data yields diffusion coefficients which are in
this concentration range the metal atoms form a facevery good agreement with the PFG resdfts'’ This con-
centered-cubi¢fcc) structure, while at higher hydrogen con- firms that the hydrogen diffusion indeed occurs by jumps
centrations tetragonal distortions occur. The hydrogen atomom occupied to nearest-neighbor unoccuplesites.

occupy the tetrahedral interstitial site¥ 6iteg, forming a So far, only very few studies of deuterium diffusion in
simple cubic(or simple tetragonalsublattice within the fcc  dideuterides MeD have been performed. The PFG-NMR
(or fct) metal matrix. measurements on TjORef. 15 suggest a semiclassical pic-

Nuclear magnetic resonand®IMR) has been used for ture of hydrogen/deuterium diffusion. The attempt frequency
many years to study hydrogen diffusion in metal-hydrogerof hydrogen/deuterium diffusion is proportional to the vibra-
systems. The jump frequency of hydrogen atoms in the di- tional frequency of the atoms at an interstitial site, which is
hydrides TiH,,>~" ZrH,,%7'? and HfH, (Ref. 13 has been smaller by a factor of/2 for deuterium than for hydrogen.
deduced from the dipolar contribution to the proton spin-The effective activation enthalpy in a deuteride is only
lattice relaxation ratd’;. Additionally, the long-range diffu-  slightly higher than that in a hydride with the same
sivity of hydrogen atoms in Tild'**°ZrH,,**1"and HfH,  hydrogen/deuterium content. This difference is of the order
(Ref. 13 has been measured by pulsed-field-gradi®®G  of 0.01 eV and it is due to different zero-point motion ener-
spin-echo NMR. The underlying diffusion mechanism in gies of hydrogen and deuterium.
these dideuterides could be determined by a combined analy- Magnetic dipolar relaxation is relatively less effective for
sis of thel'; and the PFG dat& ™’ deuterons than for protons because of the deuteron’s small

The same diffusion mechanism has been found for algyromagnetic ratio. In metal-deuterium systems, deuteron re-
dihydrides of the group IVb transition metals: Upxe-1.9  laxation is usually dominated by quadrupolar fluctuations.
the hydrogen atoms jump predominantly between nearesglthough a deuteron at@site in a fcc lattice experiences no
neighbor T sites, and the activation enthalpy dfl, electric field gradienttEFG) due to the symmetry of the
~0.55 eV for TiH,,*® H,~0.65 eV for ZrH,'*"andH,  metal lattice, fluctuating EFGs arise from transient occupa-
~0.67 eV for HfH, (Ref. 13 depends only weakly on the tion of some neighboring interstitial sites by other deuterons.
hydrogen concentration. The decrease in the diffusivity within the case of a nearly filled deuterium sublattice in substo-
increasingk is due to blocking of occupied sites. For jumps ichiometric dideuterides, the deuterium vacancies on these
between nearest-neighbor sites on a sc lattice with blockingublattice are the sources of fluctuating EFGs. If the metal
of occupied sites Monte Carlo calculations of the spectralattice becomes tetragonal at higlvalues, static EFGs may
density functions for the dipolar spin-lattice relaxation also exist on the deuteron sites. However, as in the dipolar
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case, only the time dependent interactions result in a spin: TIK]

lattice relaxation. The relaxation rate is a linear combination 800 700 600 500 400
of spectral density functions which are the Fourier trans- T T y T y
forms of the correlation functions of the EFG fluctuations. [
An important difference between magnetic dipole and elec-
tric quadrupole relaxation is that in the former the nuclear
dipole moment interacts separately with each of the sur-
rounding dipoles, whereas the quadrupole moment interacte=—
with the total EFG due to all surrounding charges taken <
togethert Hence, three-particle as well as two-particle corre-
lation functions are needed to adequately describe quadrupc
lar relaxation, whereas only two-particle functions are nec-
essary for the dipolar relaxation.

The present paper reports on deutefbnmeasurements S T T TR ]
on well-characterized dideuterides of hafnium and titanium. 1.25 1.50 1.75 2.00 225 2.50
The data are analyzed together with information available 1000/T[K™]
from previous NMR studies of hydrogen diffusion in fcc
dihydrides. A special emphasis is put on the quadrupolar re- FIG. 1. Proton spin-lattice relaxation raté; measured on
laxation analysis in view of recent developments in theHfHy(x=1.71, 1.81, 1.90) at 37.3 MHz. The solid lines represent
theory of quadrupolar relaxaticit? It has been shown that, the sum of the electronic relaxatidf . [Eq. (2)] and the dipolar
for an arbitrary concentratios of sources of fluctuating elaxationl’y g, [Sholls's model for nearest-neighbor jumps on a sc
EFGs, the spectral density functions may simply be relatedfttice (Ref. 19]. The fitting parameters are given in Ref. 13.

to the case for a low concentration. The relaxation rates for . .
differentc only scale ag(1—c) and the maxima in the rates of 10.4 and 34.3 MHz. The NMR signals were observed with

as a function of temperature are expected to occur at thé Nome-built Fourier transform spectrometer using phase-
same temperature for all?>?' The quadrupolar relaxation of alternating pulse schemes and quadrature detection. The
45S¢ in ScH(D) is, for example, reasonable consistent with 1 vglues followed from fitting recovery curves to the signal

the maximum relaxation rate being proportionalc(d.— c) amplitudes that were monitored after the 90° pulse of a

and with the maximum rate occurring at the same temperat80°—7—90° pulse sequence. The sample temperature was
ture for all .2 In the present work, the quadrupolar relax- m_amtamgd by means of a digital PID controller comblned
ation rates of deuterons in the substoichiometric dideuteride®ith ohmic heating and was determined by two calibrated
of hafnium and titanium have been considered. These studiddatinum resistors to about 0.1 K.

enable us to test the consistency and validity of the theory of

quadrupolar relaxation for relaxation of the diffusing species. IIl. RESULTS AND DISCUSSION

A further aim of our work is to obtain comprehensive data on
hydrogen and deuterium diffusion in the group Vb transition

10}

For a comparison with the present results on deuterated
samples, the proton spin-lattice relaxation rdtgsmeasured

metal dihydrides/dideuterides. previously on HfH (x=1.71, 1.81, and 1.9QRef. 13 are
shown in Fig. 1. The shift in the position of the relaxation
Il. EXPERIMENTAL DETAILS maximum to higher temperatures indicates a decrease in the

diffusivity with increasingx, which is in agreement with

The samples were prepared from high-purity metals at th@ FG measurement?.In metallic systems the total spin-
Ames Laboratory. The metal was heated up to 1100 K undettice relaxation rate may generally be written as

vacuum and subsequently exposed to deuterium gas in a
modified Sieverts apparatus. The system was maintained at =Tt T1gipt 1 quac (1)

this temperature for 24 h to assure equilibrium and therl41 the case of spid nuclei such as protons no electric quad-
gradually cooled to room temperature in the presence of th SP P . au
rupole relaxationI’; 4,54 OCCUrs. The electronic relaxation

deuterium gas. The brittle deuteride was ground in a helium ! . ;
9 g I', ¢ results from the interaction between the magnetic mo-

filled glove box to a powder of typical grain size 20m. . e
One TiD, sample k=1.91) and three HfD samples X ments of protons and ponductlo% electrons, and it is usually
n%xpressed by the Korringa relatfon

=1.68, 1.76, and 1.90) were prepared. The concentratio

were first estimated from the pressure change in the cali- . =T.cot )

brated volume of the system and were then precisely deter- Le K

mined by hot-vacuum-extraction analysis. The uncertaintiehe dipolar spin-lattice relaxation rate, 4, is due to the

in the deuterium concentratiomsare about 2% of the quoted magnetic dipole-dipole interaction of a given proton with

values. All samples were sealed in quartz tubes of an innemeighboring protons and, in general, also with the host nu-

diameter of 7 mm and a length of 12 mm under a pressure dflei. In the case of HfKl, the dipolar interaction between the

about 0.1 bar of He. protons and the host metal nuclei can be neglected due to the
Measurements of the deuterdh were performed over low natural abundance and small nuclear moments of the two

the temperature range 300-830 K at resonance frequencietf isotopes’'Hf and *"*Hf. Thus,T; 4, results only from
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FIG. 2. Dipolar spin-lattice relaxation rat& 4, of hydrogen in
HfH, 7, measured at 37.3, 49.8, and 67.7 Mi@om Ref. 13. The
solid lines represent Sholl's mod@Ref. 19 for I'y 4, at these fre-

1000/T[K™]

FIG. 3. Deuteron spin-lattice relaxation rafg measured on
HfD, gg at 10.4 MHz. The electronic and dipolar contribution is
represented by the dashed and solid lines, respectively. The quadru-

quencies and the dashed line is the corresponding curve at 10gblar relaxationl"; 4,54 is Shown by the dash-dotted line, and the

MHz.

the diffusion-modulated dipole-dipole interaction between
the protons. Figure 2 shows, 4, obtained by subtracting

Eq. (2) with C,=310 Ks fromI'; measured on Hfld,;.*3

sum of the three contributions is given by the bold solid line.

Figure 3 shows the deuteron spin-lattice relaxation
I'1 measured on Hfsg at 10.4 MHz. These data reveal
only one relaxation maximum at about 530 K, although mag-

These data are well described by the Monte Carloyetic dipole and electric quadrupole interactions are expected
calculation$® for nearest-neighbor jumps on a sc lattice. Theyg contribute tol'; [see Eq.(1)]. In order to separate the

thin solid lines in Figs. 1 and 2 are obtained by fitfifp the

_contributions, we have to take into account that in dihydrides

I'1 qip data under the assumption of a single thermally actithe jsotope effect of hydrogen diffusion is rather sitaind
vated process of hydrogen motion according to the meagy s almost concentration independent fo1.9. Thus,

dwell time

=719 -eXp(H,/KgT). 3

the I'; 4, maximum in a dideuteride occurs at about the
same temperature as in a dihydride of comparable hydrogen
content. The 10.4-MHz curve for HfH, (cf. Fig. 2 indi-

The I'y g, curve for HfH, 7, expected at 10.4 MHz is also cates that thel’y 5, maximum of HfDj ¢ is expected at

included in Fig. 2. This curve has been calculated by usingPout 580 K, and the observed maximum at 530 K must be

the prefactorry=1.2x10 s and the activation enthalpy Mainly due tol'; g aq

H,=0.67 eV, which have been obtained by the simultaneous The dipolar relaxation of deuteroi¥ , is related to that

fit to the I’ 4, data measured at 37.3, 49.8, and 67.7 MHz.of protonsI'} 4, at the same resonance frequency according
The value ofry obtained in this way may be compared to

with that based on inelastic neutron scattering measurements

of optical vibration frequencies. For metal hydrides, the at-

tempt frequency for single particle hopping on an empty lat-

tice, vo=, 1, is related to the optic mode frequency by?*

d
r1,dip: 7_3 lq(lgt+1)
Mgy ¥ 1ot 1)

®)

The dipolar relaxation is proportional to the hydrogen/
deuterium concentration, and the relation given above holds
wherez=6 is the number of neighbor sites on the simplefor identical concentrations. With the spin quantum numbers

vo=2-13, (4)

cubic T-site sublattice of hydrogen in the féor fct) hy-
drides. Ros®t al2* summarized the measurementsigffor
many metal hydrides, including ZgH for which hvg

Ip=% and l4=1 and the gyromagnetic ratiog,=2.6752
X1 rads T ! and y4=0.4106<10° rads ' T~ the
right side of Eq.(5) is given by 1/675. The solid line in Fig.

=141 meV. Taking account of the difference in atomic ra-3 representf‘i,dip of deuterons in HfRgg, which has been

dius between Hf and Zr yieldhv8=144 meV for HfH,.
With this value ofhv), Eq. (4) yields vo=2.1x 10" s,

calculated fronf’j,dip of the protons in HfH ;, by using Eq.
(5) and by taking into account that, is larger by a factor of

and thereforer,=0.48< 10" s, which is very close to that J2 for deuterium than for hydrogen. The slight difference in
above based on the protdiy measurements. This excellent the concentrations has also been taken into account by scal-
agreement, in contrast to earlier examples, is largely attribing I"i’dip with a factor 1.68/1.71.

utable to the present use of spectral density functions based The electronic relaxation in a deuteride is also smaller

on Monte Carlo calculation’.

than that in a hydride by a factor

134304-3



MAJER, GOTTWALD, KAESS, PETERSON, AND BARNES PHYSICAL REVIEW 68, 134304 (2003

rd 2 TIK]
1e Yd
o~ 2 (6) 800 700 600 500 400
le 'Yp T T T T
0.6}
which is given by 1/42.3. The electronic relaxation thus ob- 05}
tained is included as a dashed line in Fig. 3. 047}

The comparison of the dipolar and the electronic relax- 03}
ation of the deuterons in Hf[g with the experimental data __
shows that the relaxation rate is indeed dominated by the'w, 02}
quadrupolar contributiol’; g a4 This is in agreement with 1~
previous studies of the deuteron spin-lattice relaxation in
HfD, ; by Weaver® which also indicate that the quadrupole 0.1
interactions are the dominant relaxation mechanism. The cor
relation functions for quadrupolar relaxation are different
from those for dipolar relaxation. The dipolar interaction is a
coupling between pairs of spins, and so the relevant correla P
tion function describes the time evolution of the separation 1000/T [K™]
of a particular pair of spins. The characteristic time constant

_of the dipolar intergction is the _correlation timg= 7(2, if _ HfD, gpat 10.4 MHz.I'; , and T, g, are given by the dashed and
is the mean dwell time after which one of the two interactinggq lines, respectively. The quadrupolar relaxatfysq is rep-

nuclei jumps. The quadrupolar interaction, however, is & COUzesented by the dash-dotted line, and the suntof T’y gp and
pling between a particular nucleus and the total EFG due tququad is given by the bold solid line. ' ’

the collective effect of all other diffusing nuclei. For low

concentrations of deuterium vacancies on the deuterium sub- . . .
cancies, is therefore also expected to be nearly concentration

lattice in the fcc dideuterides, these vacancies are the Onlgudependent. The hopping of the deuterium atoms, however,

sources of the EFGs. In this case, the characteristic tim ecreases with increasing due to blocking of occupied
constant of the quadrupolar interaction is the correlation time’. . . g Ng of pIea

. ) . . Sites, which results in a decrease of the diffusivities and in a
T.=T7,, the mean time between two jumps of a deuterium

vacancy. As has been shown receftl§! the quadrupolar Szirfztitﬁfret?(if pI(:)isiti(i)n of thdl’y gip Maximum to higher tem-
correlation function isc(1—c) times the dipolar correlation P Fiqure 4 .sho%\./s t.he deuterdh data of Hf The dif-
function for a single atom undergoing a random walk on theeren% contributions td". according to E ([il)'g?{ave been
structure. The spectral density functions and nuclear spin ref- termined Hin dl bove f ? ¢ qin th ¢
laxation rates may therefore be simply expressed in terms (ﬁ'e N €d as outined above fo HTEY. € case o
the corresponding theory for the low spin concentration fDl.-gO the temperatures of the d|polar and quad.rupolar re-
limit laxation maxima differ more than in HiQRg reflecting the

The dash-dotted line in Fig. 3 is obtained by fitting Sholl's 9reater difference in the jump frequencies of deuterium at
calculation&® for c—0 to thel; data of HfD, g after sub- oms and deuterium vacancies. Furthermore, the quadrupolar
tractingl’, ¢ and["y g, This fit ;ields an activggon enthalpy relaxation is substantially smaller than in the sample with the

for the motion of the deuterium vacancies and thus of théower concentration of deuterium vacancies, which are the
deuterium atoms ofH,=0.67 eV, which is in excellent somXcesmof tne EFGfSt'h relaxation data m red on thr
agreement with the value found for hydrogen diffusion in HD Csoampalle:O 'tﬁ d'ﬁireisxg ° ena'r? Ei ea;uTehe Oelec— ee
HfH, ;1.2 This confirms that the isotope effect of diffusion | ' ~x SaMPES With di IS given In +ig. .
is very weak in the dihydrides/dideuterides. The surf of tronic contributions are already subtracted and the quadrupo-
r. . );nd I thus %btainedbold solid iine - Figg3 lar contributions are indicated by the dash-dotted lines. The
dégg)ribes thlglgj(perimentﬁh data very well . sum of the I'y quegand I's gjp Curves obtained by fitting
The fact that th® aximuUm oceurs at a lower tem. SN calculatior’ is shown by the solid lines. In all three
perature than th?lz-’su?ﬁaximum reflects the higher jump samples the relaxation rate is dominated by the quadrupolar
Jdi

frequency of the vacancies compared to that of the deuteriu contribution. The position Of thé'y guag MaXimum is, in-
d y ol P ) e rHeed, nearly concentration independent, and it is observed at
atoms. The jump frequency of the deuterium atoms is

! o . Tquad™525 K. While in this concentration range the hopping
related to that of the deuterium vacancigs according to frqequency of the deuterium vacancies varies only slightly
(1-c)- 7 l=c.r 1 @) with ¢, the quadrupolar relaxation strength changes signifi-
v cantly with the concentration of fluctuating EFGs. The maxi-
if c=1—x/2 denotes the deuterium vacancy concentrationmum quadrupolar relaxation rate increases by more than a
The ratio 7/, at a given fixed temperature increases fromfactor of 3 fromI'T’5,=0.39 s * for ¢=0.05 (x=1.90) to
5.25 atc=0.16 (x=1.68) to 19.0 at=0.05 (x=1.90). In Tquad=1-34 s for c¢=0.16 (x=1.68). For an arbitrary
this concentration range the hopping frequency of the deutezoncentratiorc of diffusing vacanciegor atoms, the spec-
rium vacancies is in a good approximation concentration intral density functions and consequent relaxation rates are ex-
dependent. The position of tHe; 4, Maximum, which is  pected to scale with concentration egl—c).?**" Within
determined by the hopping frequency of the deuterium vathe experimental uncertainty, this prediction is in agreement

1.26 1.50 1.75 2.00 2.25 2.50

FIG. 4. Deuteron spin-lattice relaxation rafg measured on
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FIG. 7. Deuteron spin-lattice relaxation rafg measured on
: TiD, ¢, at 34.3 MHz. The electroni¢dashed ling dipolar (solid
00l e L1 curve), and quadrupolar contributior{dash-dotted curyeare indi-
12 14 16 1.8 20 22 24 26 28 3.0 cated. The sum of these contributions is given by the bold solid line.
1000/ T[K™]

from protonI"; data of TiH,.'® The quadrupolar relaxation,
FIG. 5. Spin-lattice relaxation rate of deuterons in KfD68  indicated by the dash-dotted line, has been fitted by Sholl’s
<x=1.90) at 10.4 MHz. The electronic contribution has been sub-alculations forc—0 and it yields an activation enthalpy of
tracted from the experimental data. The quadrupolar contributioH ,=0.66 eV. About the sameél, value has been deduced
I'1 quaa is represented by the dash-dotted lines, and the sum dfrom the protonl’; 4, in TiH, with a comparable hydrogen
I'1 gip andT'1 quaq is given by the bold solid lines. content ofx=1.94%°
In order to prove whether the separation of the maxima in
with the present resultd:T".dc(1—c) is plotted in Fig. 6  I'1quad @nd I'y gip is as expected for a vacancy mechanism
as a function of the deuterium vacancy concentratier(1 on the deuterium sublattice we have to take into account that
—x/2) in HfD,. The error bars in Fig. 6 correspond to ex- the dipolar relaxation maximum occurs in TR (x/2
perimental uncertainties of 2% in I'Tyqand = 2% in x. =0.955) at the temperaturéy,, at which the condition
The quadrupolar relaxation has also been studied in a tiw7/2=0.24 is fulfilled."® At the temperaturd ,40f the qua-
tanium dideuteride. Fig. 7 shows the deutefonmeasured ~ drupolar relaxation maximum, the hopping frequency of the
on TiD; o; at the resonance frequenay27=34.3 MHz. In  deuterium vacancies is related to the NMR frequency accord-
this case, the dipolar and quadrupolar contributiorBare  ing to @7,=0.39, as obtained from Ref. 19 for-0. To-
well separated. The dashed line indicafgs, and the thin gether with Eq(7) this relation yields the hopping frequency
solid curve is the dipolar contribution that has been deduce@f the deuterium atoms at the quadrupolar relaxation maxi-
mum, rfl(Tquagzc/(l—c)-w/0.39. At the temperature of
r T T the dipolar relaxation maximum, the hopping frequency of
141 7 the deuterium atoms is given by *(Typ) = w/(2-0.24).
[ ] With Eq. (3) the ratio of the deuterium hopping frequencies
at Ty, and TgyaqCan be calculated according to

(1-c) 0.39
c 2.024 ®)

Ha o, __
exr{k—;(Tqutd— Tap)

which allows one to calculate the temperature

I ] kg (1-c) 0.39,]°*1
- 4 Tqad™ |7+ 7 N —— 543 9)
2 a Tap Ha c 048
0 PR PR RPU RS S S S R S S T . . . . .
0.05 0.10 015 0.20 ?r:wz!chlthe q:JadrtL'JpoIar re]axauon maxw;um |$A/(?t>;]p(ter(]:ted if
vacancy concentration ¢ = (1 - x/2) e dipolar relaxation maximum occurs &f,. Wi e

dipolar relaxation maximum al;,= 740 K (cf. Fig. 7), the
FIG. 6. Maximum quadrupolar relaxatidH’q;,4of deuterons in quadrupolar relaxation maximum in Tj; (c=0.045) is
HfD, divided byc(1—c) for the deuterium vacancy concentrations expected to occur al,,,~ 580 K. Experimentally the qua-
¢=0.05, 0.12, and 0.16. The dashed line is a guide to the eyes. drupolar relaxation maximum has been observed at about
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550 K, which is in reasonable agreement with the expected TABLE I. Activation enthalpy of deuterium motion in HID

value if we take into account the uncertainties08% in  (x=1.68, 1.76, and 1.90and TiDQ(x=1.91). The values corre-

H,, =2% inx, and+1.0% ianip- spond to the fits shown in Figs. 3-5 and in Fig. 7. Estimated un-
certainties aret 3%.

IV. SUMMARY Sample X H,

Over wide temperature ranges the deuterium spin-lattice (eV)
relaxation rate in the substoichiometric dideuterides ofHfDy 1.68 0.67
hafnium and titanium is dominated by the quadrupolar relax- 1.76 0.61
ationI'; guag An important feature of the quadrupolar relax- 1.90 0.66
ation is that the quadrupole moment interacts with the totafliD, 1.91 0.66

electric field gradientEFG) due to all surrounding charges
taken together. In nearly stoichiometric dideuterides, how-

ever, the vacancies in the deuterium sublattice are the onlgleuterium vacancy concentrationThese results are consis-
sources of EFGs. In this case theq,,qmaximum occurs at tent with the recently developed theoretical picture that the
a lower temperature than thg 4, maximum, reflecting the correlation functions for quadrupolar relaxation at a given
higher jump frequency of the deuterium vacancies comparedoncentratiorc are the same as the dipolar correlation func-
to that of the deuterium atoms. The activation enthalpy oftions forc—0.
deuterium vacancy motion and thus of deuterium atom mo-

tion in HfD, and TiD, is deduced from the temperature de-

pendence of ; 4,,¢ The obtained values are given in Table I.

Within the experimental uncertainty, these values agree well This work was supported by the Deutsche Forschungsge-
with the activation enthalpies of hydrogen motion in dihy- meinschaft(Project MA 1382/). Ames Laboratory is oper-
drides of the same hydrogen content, indicating the classicalted for the U.S. Department of Energy by lowa State Uni-
mechanism of hydrogen/deuterium diffusion. While the po-versity under Contract No. W-7405-Eng-82. This work was
sition of thel'; 4agmaximum is concentration independent supported by the Director for Energy Research, Office of
in the dideuterides, the amplitude scalexgb—c) with the  Basic Energy Sciences.
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