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2 s. The decay of the echo signal amplitude M(t)
was approximated by a sum of two exponents
M(t) = MAexp(–t/T2long ) + MBexp(–t/T2 short)
using the WINFIT software (Fig. 1). Data
processing gave the relative hydrogen contents
MA and MB and relaxation times T2long and T2short.

Introduction
Hydriding of binary alloys of transition metals
leads to the introduction of hydrogen atoms into
tetrahedral and/or octahedral interstices of the
metal matrix. The number of interstices suitable for
accommodation of hydrogen atoms is determined
by the type of lattice, the H–H blocking radius
(2.15–2.25 Å), and the "activity for hydriding." In
molybdenum hydride MoH with an hcp lattice
obtained at the hydrogen pressure РH2 ~ 30–50
thousand atmospheres, hydrogen occupies only
octahedral positions. In titanium hydrides TiHx
with an fcc lattice obtained at РН2 = 1, hydrogen
atoms occupy only tetrahedral interstices. The
MoxTi1-x alloy has a bcc lattice. This alloy absorbs
hydrogen at РH2 = 1 atm to form a hydride with an
fcc lattice. Here, we report the results of the 1H and
95
Mo NMR study of the compositions
Mo0.5Ti0.5H1.94 (I) and Mo0.5Ti0.5H2.0 (II) aimed at
determining the hydrogen distribution over
interstices and the hydrogen mobility in the binary
alloy.

Fig. 1. 1H NMR echo decay curve (the
CPMG sequence) for sample II at 313 K and the
result of its decomposition into two exponents with
T2long и T2short.

Experimental
The Mo0.5Ti0.5 alloy was hydrided at РН2 = 1 atm
as described in [1]. The X-ray powder diffraction
patterns of I and II showed that the major phase
has an fcc lattice. The second phase was not
identified. The 95Mo NMR spectra were recorded
in a magnetic field of 7.5 T. The 1H NMR spectra
were recorded in magnetic fields of 0.55, 7.05, and
14.1 T in a temperature range of 210–390 K. The
T1 and T2 times of protons were measured in the
magnetic field H0 = 0.55 T at a frequency of
23.5 MHz in the range 210–390 K. T1 was
measured by the magnetization inversion–recovery
method using the two-pulse sequence {π–τ–π/2}n;
the π/2 pulse width was 7 μs. In T1 measurements,
the magnetization recovery was described by a
single-exponential function. The spin–spin
relaxation time (T2) was measured using the
Carr–Purcell–Meiboom–Gill (CPMG) multipulse
sequence
{π/2–τ/2–π–τ(echo)–π–τ(echo)–π–…}n.
Echo signals were recorded. The number of echo
signals was n = 1024, the time interval between
π pulses was τ = 40 μs, and the repetition time was

Results and discussion
For samples I and II, two spin–spin lattice
relaxation times were determined, which differ by
an order of magnitude: Т2long ~ 3 ms and
T2short ~ 0.3 ms. This is evidence of the existence of
two states of hydrogen in I and II. The relative
hydrogen content in each state changes with
temperature: as T increases from 250 to 340 K,
MA decreases from 21 to 19% in I and from 12 to
7% in II (Fig. 2).
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Fig. 2. Hydrogen content in the phase with
T2long in I and II versus temperature.
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of the Mo0,5Ti0,5Hx alloy, there are five types of
tetrahedral [MoxTi4-x] and seven types of
octahedral [MoxTi6-x] surroundings of hydrogen
with the maximal content of [Mo2Ti2] and
[Mo3Ti3], respectively. If signals A and B are taken
to be due to T and O positions, respectively, the
change in the spectrum shape with temperature
reflects the reversible redistribution of hydrogen
between the T and O positions.

The dependence of Т1 on temperature has a flat
minimum caused by diffusion motion of hydrogen:
Т1min = 100 ms at ~275 K and Т1min = 58 ms at
265 K for samples I and II, respectively. The
activation energy and preexponential factor are
Ea = 8.6 kJ/mol, τ0 = 97 × 10-12 s for I and
Еа = 7.1 kJ/mol, τ0 = 170 × 10-12 s for II. The 1H
NMR linewidth (Δν) depends on the magnitude of
the polarizing magnetic field H0. At H0 = 0.55 T, a
single line is observed; at H0 = 7.05 и 14.1 T, the
spectra show two signals with the chemical shifts
(referenced to H2O signal as zero) σА = –7.7 ppm
and σВ = –125.9 ppm and the integrated intensity
ratio IA/IB = 1.7 for I and σА = –1.3 ppm,
σВ = –155.7 ppm, and IA/IB = 4.9 for II.
Temperature variation is accompanied by a
reversible change in the Knight shifts of signals A
and B: with decreasing temperature, signal B shifts
upfield by ~100 ppm, while the shift of signal A
depends only slightly on temperature (Fig. 3).

Table 1. 1H NMR linewidths in various magnetic
fields H0 (T = 300 K).
Mo0.5Ti0.5H1.94
Mo0.5Ti0.5H2.0
Н0 (Т)
0.55
7.05
14.1

ΔνB,
(kHz)
2.8
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Conclusions
On the basis of relaxation and spectral
measurements, we demonstrated that there are two
hydrogen states in Mo0,5Ti0,5Hx with rather
different Knight shifts and spin–spin relaxation
times T2.
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The 95Mo NMR spectra of alloys I and II at
295 K are characterized by the Knight shift
K(95Mo) = 1795 ppm and the quadrupole coupling
constant χQ ~ 4.7 MHz.
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Fig. 3.
Mo0.5Ti0.5H1.94.
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ppm

H NMR (H0 = 7.05 T) of

It is worth noting that, for titanium hydrides
TiHx (x ≥ 1.6), the 1H NMR signal is also observed
in high fields at –130 ÷ –160 ppm, but the
temperature behavior is opposite to the above case;
i.e., the signal shifts downfield with decreasing
temperature [2].
The field dependence of the linewidths ΔνА
and ΔνВ (Table 1) is evidence that each line is a
superposition of overlapping signals of hydrogen
atoms in different environments. For the fcc lattice
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