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The integrated quasi-elastic neutron scattermg intensity of NbHg 3 has been measured at 235°C over a large mo-
mentum transfer range (0.6 <K <7 A1), In the high temperature phase a deviation from a simple Debye-Waller fac-

tor governed intensity dependence has been observed.

Most of the quasi-elastic neutron scattering measure-
ments performed so far on hydrogen in metals [1] has
been analyzed according to a simple jump diffusion
model [2], in which it is assumed, that the mean res-
idence time 7 of the hydrogen at any interstitial site
is large compared to the jump time 7, leading to an
intensity dependence ~exp(—u2K2) (u? is the mean
square amplitude of the hydrogen and #K the mo-
mentum transfer). Recently it has been supposed [3,
4] that in the high temperature phase 7, could be of
the same order of magnitude as 7y; this should give
rise to a deviation from the Debye-Waller factor de-
termined intensity dependence.

To look for such a deviation we have measured the
integrated quasi-elastic scattering intensity / (area be-
low the quasi-elastic line) of NbHy 15 at 235°C in the
a-phase and at 20°C in the mixed (a + §)-phase over a
large momentum transfer range 0.6 <K <7 A-1.In
the mixed phase the hydrogen diffusion constant is
about 100 times smaller [5] than in the a-phase [6].
On the other hand in both phases the interstices oc-
cupied by the hydrogen seem to be the same (tetra-
hedral sites) [4, 5], the local and optical mode ener-
gies respectively are nearly equal [7, 8] and in the §-
phase the host-lattice structure is only slightly distored
[9].

The samples used were cylindrical single crystals.
The hydrogen loading technique has been described
earlier [4]. The measurements have been performed
with a rotating crystal spectrometer [10] using inci-
dent energies (E,) 0.0143 eV and 0.057 eV (AE/E, =
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7.5%, scattering angle divergency A(28) = 1°). The
pure hydrogen quasi-elastic scattering intensity has
been determined by the difference of the spectra of
aloaded and an unloaded sample. In order to avoid er-
rors due to long background variations the samples
were interchanged every half hour. The normalized
difference spectra thus obtained have been corrected
for constant background and counter efficiency and
then converted into an energy scale. The area of the
quasi-elastic line has been determined by the use of a
planimeter.

Fig. 1 shows the final results in a logarithic plot of
the intensity / versus K2 or both temperatures. The
indicated error bars are mainly due to background
subtraction errors and only slightly to counting statis-
tics. The circles and the triangles respectively are the
results of the measurement at £ = 0.0143 eV and
E, = 0.057 eV after adjusted to give one smoothed
curve. A significant deviation from the simple Debye-
Waller factor determined intensity dependence is ob-
served in the high temperature phase for K2 < 6 A—2,
In the remaining region, and in the entire measured
K range of the mixed phase, the intensity fits a Debye-
Waller factor dependence corresponding to a mean
square amplitude of u2 = 0.016 + 0.005 A2 for 235°C
and u2 = 0.020 + 0.005 A2 for 20°C. Earlier u2 has
been found to be equal to: 0.18 A2 for NbH 33 at
308°C [11] in the range 0.8<K<22A1, 008 A2
for NbHg ;4 at 250°C [12] in the range 0.5 <K <
2.1 A—l 0.05 A2 for NbH g9 at 235°C [13] in the
range 2. 0<K<4.0A-! . Approximately the same
values could be extracted from our measurements in
the correspondingly limited K ranges.

Considering finite jump times the quasi-elastic scat-
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Fig. 1. Logarithm of the integrated quasi-elastic neutron scattering intensity versus K2 for 235°C and 20°C. The values given by the

triangle have been fitted to the curve given by the circles.

tering intensity is roughly glven [14] by two terms
I~(A +B), where 4 = exp(—uRK ) Tol(Tg +77)
represents the intensity due to the hydrogen atoms
trapped at interstitial sites (mean square amplitude
uR) and B = F(K) - 71 /(1 + 7,) is the intensity due
to the hydrogen atoms in the jump phase. Suppose
the existence of a diffusion band F(K) represents a
time averaged structure factor of the hydrogen wave
packet in this band, having a limited life time 7. Clas-
sically we expect F(K) = 1 for free jumping particles
or F(K) = exp (—u - K? ) for particles which are trap-
pedin an mtermedlate potential in between the inter-
stitial sites, performmg there oscillations with a mean
square amplitude uj2 as supposed in [16].

In the low temperature phase we expect 7 << 7,
therefore it is mainly the 4 term which contributes to
the total intensity. Actually the experimental results
show the expected simple Debye-Waller factor depen-
dence with “R = 0.02 AZ. Using the Einstein oscillator
approximation and taking for the oscillator frequency
a value of 1.8 X 101451 (lowest measured optical
mode frequency in the B-phase [8] we find thatu? =
0.017 A2. We assume that in the high temperature
phase the intensity dependence for K2 > 6 A~2 is al-
so mainly due to-the A4 term, whilst for K <6 A—2
the B term begins to have an influence. Then we can
separate the B term contribution by subtracting the
intensity, which is expected to be due to the 4 term
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in the small X range, from the total measured intensi-
ty. Fitting the resulting curve again to a Debye-Waller
factor intensity dependence we get uJ ~ 0.4 A2, From
the ratio of the intensities extrapolated to K - 0 we ob-
tain 7, /75 = 0.45. Both values are exceptionally large,
taking into account that the distance to the next inter-
stitial site is only 1.17 A and that J; has been deter-
mined to be & 10~125 [4] . This might be evidence

for the existence either of the previously assumed dif-
fusion band [15, 17] or of an intermediate state [16].
A free jumping particle model can be excluded.

We are indebted to Dr. W. Kley for helpful discus-
sions and to Prof. Dr. G. Alefeld for providing the
single crystals.
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