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Bulk Tc metal has an hep lattice with a = 2.735 and c/a = 1.6047 while Tc films less than 150 A
thick are characterized by a fcc lattice with a = 3.68 A [1, 2]. Bulk Ru metal has a hcp lattice with a =
2.704A and c/a = 1.5809 and Tc—Ru dloys are infinite solid solutions [3]. NMR experimental parameters
reflecting the metal electronic state and structure are the Knight isotropic shift (K), its anisotropy (Ka ),
spin-attice relaxation time (T: ), line width (Dn), quadrupole coupling constant (Cq ), and asymmetry
parameter h of the electric field gradient tensor. We have recently determined these parameters for a Tc
metal powder with agrain size of 50-100 nm: K = 6872 ppm, Ka = —400 ppm, (T, ~ T) ' =3.23s'K™, Cq
= 5.74 MHz, and h = 0 [4]. For the bulk Ru metal at 4.2 K, the Knight shift is 4900 ppm [5]. Here, we
present the results of studying Tc and Tc-Ru nanoparticles at ceramic surfaces by *Tc NMR. These mono-,
bi- and polymetalic particles are interesting for their catalytic properties [1] and aso for their segregation
from oxide phase in spent nuclear fuel (into e-phase). Three types of supports with basic properties were
used, namely, g-Al,O; (spinel, sp.surface189 m?/g, pore sise 320 gnd 40A), MgO (fcc, 46 m*g, 20A) and
TiO, (60% rutile+40% anatase, 7 m?/g, -). The dispersity and particle size of Tc metal were determined on an
EM-301 transmitting electron microscope with a resolution of 3.5 A [6]. The bar diagrams of size
distribution of particles indicate that on a g-Al,O5; support with the highest specific surface, the size of Tc
particles ranges from 10 to 80 A (the average particle size is 23 A for a 1% Tc/AbO; catalyst) (Fig.1). This
distribution is skewed toward larger particles with an increase in Tc concentration. For the MgO and TiO,
supports with a smaller specific surface, size distribution is wider, the average particle size being above 40
A. Tc and Tc-Ru nanoparticles were prepared by procedures described elsewhere [6]: support samples were
impregnated with an aqueous solutions of NH,TcO4 and RuCls-H;O, dried at 80-90°C, and reduced in a
hydrogen flow for 2-12 h at 700°C. The calculated amount of the deposited metal was ~0.01-20 wt % for Tc
and 1-10 wt % for Ru. Samples (0.7-0.8 g) were placed in Teflon tubes (DxH=10x30 mm) for recording
NMR spectra. **Tc NMR spectra were recorded at 293 K on a Bruker M SL-300 spectrometer in a magnetic
field of 7.04 T at afrequency of 67.55 MHz.
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Fig.1. Approximate size distribution of Tc particles Fig 2. ®*Tc NMR spectraof a5% Tc/g- Al,Os
determined from TEM micrographinthesample 1%  catalyst at 295 K; (@) SW 1.7 MHz, NS 250000, (b)
Tc/gAlO; SW 250 kHz, NS 64000
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The spin echo pulse sequence was used. The width of the first exciting pulse was 3.22 ps,
repetition timewas 0.5 s, and the number of scans was 64000 to 250000. The spin-lattice relaxation
time T1(*Tc) was measured using the saturation—recovery technique. The dependence of the peak
amplitude of an NMR signal on the delay time is described by a one-exponentia function. At 295K, the T, is
equal to 204 ms, which is about 200 times larger than that for the bulk metal [4]. Chemica shifts were
referenced to a 0.1 M KTcO, solution as the external standard. Support samples were spherical grains 1.5—
2.0 mm in diameter. Spectra of reference TcO, was recorded, indicating the signal characteristic of
hexacoordinated Tc with 15 ppm chemical shift. *Tc NMR spectra of al the Tc and Tc-Ru nanoparticles
showed signals in the region of Tc metal shifts (~7000 ppm) and in the region of the external standard (~10
ppm) (due to surface oxidation to TcO,) (Fig. 2). The integrated intensity of the low-field signal that arose
from Tc metal was roughly one order of magnitude weaker than the intensity of the TcO, signal. The
stronger signal from small particles has a shift of 7400 ppm. The weaker signal from large particles has a
shift of about 6950 ppm. The *Tc NMR shift and line shape for nanoparticles differ considerably from those
for the bulk Tc sample (Fig.4). The shift is 7406 ppm, which is about 600 ppm larger than the shift for the
bulk sample. The line with a width at half-maximum of ~1 kHz has the Lorentzian shape and lacks the
satellite structure caused by first-order quadrupole interactions, typical of the hexagonal close-packed lattice.
The missing quadrupole structure clearly points to the cubic lattice of the nascent Tc phase. The increase in
the Knight shift reflects a change in the density of states at the Fermi level, compared to the bulk Tc sample
with the hexagonal close-packed lattice [4]. Figure 5 shows the temperature dependence K(T) of Knight
shiftsfor the bulk sample and Tc nanoparticles.
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Fig 4. **Tc NMR spectra of a (a) 20% Tc/g- Al,Os Fig 5. Temperature dependence of the
catalyst at 295 K; SW 500 kHz, NS 191000, D, 0.5s; Knight shiftsat (a) 20% Tc/g- Al,O; catalyst;
(b) bulk Tc metal, SW 2.5 MHz, NS 50000, D, 0.5s. (b) bulk Tc metal.

Compared to the K(T) = 7268 — 1.35T for the bulk sample, the temperature dependence of the
Knight shift for nanoparticles is noticeably weaker, K(T) = 7360 + 0.16T, and has the opposite sign. Table 1
presents the measured *Tc NMR parameters.

Tablel. ®Tc-NMR parameters for g-Al,O; supported monometallic Tc catalysts

Annealing NMR shift, NMR line width, Integrated
Tc time at ppm Hz + 5% intensity
content, | 700°C, Tc metal TcO, | Tcmeta TcO, ratio
% h K+1.8 d+0.2 Tc/TcO,
0.05 12 74117 3.6 1215.9 1015.1 7
0.1 12 7411.7 31 1361.8 898.0 14
2 6 74117 13 1848.2 1443.9 112
5 12 7409.9 0.2 1653.6 1287.8 1/6
10 6 7409.9 16 1365.7 771.2 1/10
20 2 7408.1 0.9 960 878.3 1/8




This data shows that in all the samples Tc metal has a cubic structure. The line widths for the meta

and TcO, are 1-5 kHz. The high content of TcO, in the samples points to the incomplete reduction of the
initial salt to the metal or its back oxidation.
The ®Tc NMR line shape for nanoparticles is represented by an asymmetric contour with a small shoulder at
the high-field wing. The degree of asymmetry and the change in line width depend on the Tc concentration
and annealing time of the catalyst. However, these changes are irregular (Table 1). We assumed that the *Tc
NMR line is a composite one because of the size effects of nanoparticles and decomposed this line into
components. Simulation of a contour with the LineSim program resulted in five components of the
experimental line shape for the 2% Tc/Al,O3 catalyst, in eight components for the bimetalic (3% Tc—1%
Ru)/TiO, catalyst and seven components for the 10%Tc-10%Ru/g-AlO; catalyst. Each of the components
has a Lorentzian shape and a width of 0.5-1.0 kHz. The area under a component corresponds to the relative
concentration of a definite Tc metal form. Table 5 shows the results for two Tc—Ru catalysts and a 3%Tc—
3%Pt/MgO catalyst.

As can be seen, neither the type of support nor the nature of the second metal has alittle effect on the
®Tc NMR line width and shift. This may be an indication of the absence of any intermetallic compounds in

the catalysts studied.
Table 2. *Tc-NMR parameters for g-Al, 05 and TiO, supported bimetallic Tc catalysts
Annealing NMR shift, NMR line width, Integrated
[Tc], time ppm Hz £ 5% intensity
% at 700°C, h | Tcmeta TcO; Tc meta TcO; ratio
K+1.8 c+0.2 Tc/TcO,
for 10% Ru — 10%Tc on g-Al,Os
10 6 7410.2 0.9 2075.2 1281.7 1/4.5
for 1% Ru—3%Tcon TiO;
3 2 7395.5 -15.2 4263.8 31185 1/4.6
for 3% Pt—3%Tc on MgO
3 12 7399.4 -11.7 3440.0 4018.5 1/13

For the binary (3% Tc—1% Ru)/TiO, and 10%T c-10%Ru/g-Al,Os, the experimental line shape points
to the multicomponent character of the signal.

A possible reason for this observation may be the narrower individual lines due to dilution of Tc
with ruthenium. Since the width of each individual line is determined by dipole—dipole interaction between
the magnetic moments of Tc spins, substituting Ru, characterized by low natural abundances of magnetic
isotopes with small magnetic moments, for afraction of Tc will lead to line narrowing.

The main parameters that determine the value of Knight shift are the electron density r, at the
nucleus and density of states at Fermi level N(E;). Taking no account of relativistic effect in DV Xa code
[7], we considered more adequate to use average vaence electron density r y, at the nucleus. Both r, and
N(E;) were by approx. 10% higher for hcp clusters compared to fcc in good agreement with the observed
Knight shifts.
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