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bstract

An NMR study of Sm2Co17Hx (x = 0, 1.5, 4.6) hydrides is reported. The 147Sm and 149Sm spin echo spectra were measured on powder samples
t 4.2 K with no applied magnetic field. The quadrupole septets (nuclear spin I of both Sm isotopes is 7/2) observed in the spectra are attributed to
m sites with different numbers of hydrogen nearest neighbours located at the 9(e) and 18(g) sites in the crystal structure. Hydrogen neighbours
t 9(e) sites cause a decrease of Sm hyperfine field, whereas hydrogen at 18(g) sites causes its increase, which is attributed to the changes of an
nisotropic contribution of spin dipolar origin. The 9(e) neighbours cause a decrease of the quadrupole splitting, which corresponds to an increase
f the lattice contribution to the electric field gradient. Hydrogen at 18(g) sites causes a slight decrease of the lattice electric field gradient. The

esults are analysed in terms of electron transfer between hydrogen and samarium sites and the difference between the effect of hydrogen at the
(e) and 18(g) sites on the magnetocrystalline anisotropy is discussed.

2007 Elsevier B.V. All rights reserved.
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. Introduction

During the last decades, the search for new permanent mag-
ets has turned towards rare earth (RE) and transition metal
TM) element based compounds. The TM sublattice principally
rovides a large magnetization and RE provides most of the mag-
etocrystalline anisotropy which originates from the aspherical
f charge distribution of the RE ion interacting with the crystal
lectric field. It has been observed that the introduction of light,
on-metallic elements (e.g. hydrogen, carbon or nitrogen) onto
nterstitial sites can give rise to the enhancement of the TC of
he RE2Fe17 compounds by more than 100% due to magneto-
olume effect on the Fe magnetisation [1,2]. It can also cause a
onsiderable increase of the magnetocrystalline anisotropy due

o the enhancement of the crystal electric field. The effect of
arbon and nitrogen on both quantities is much larger than that
f hydrogen. In nuclear magnetic resonance the electronic and
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tions; Hydrogen absorbing materials

agnetic properties of the individual element sites are probed by
he magnetic hyperfine fields (HFF) and electric field gradients
EFG) at nuclei. In the previous NMR study the properties of the
m2Fe17Hx hydrides were reported [3]. In order to determine

he influence of hydrogen on the Sm sites in the Sm2Co17Hx

ydrides the present study was undertaken.
The compound Sm2Co17 crystallizes in the rhombohedral

tructure (Th2Zn17), the same as Sm2Fe17. Sm occupies a single
ite 6(c) and Co occupies four inequivalent sites: 18(h), 18(f),
(d), 6(c). The introduction of hydrogen preserves the structure
f the parent material. Neutron diffraction experiments on the
sostructural Nd2Fe17Hx showed that for x up to three hydrogen
ccupies the octahedral 9(e) sites and for larger x it occupies
p to one-third of tetrahedral sites 18(g), which leads to the
aximum content x = 5 [4]. There are three 9(e) and six 18(g)

earest neighbour sites to an Sm site (Fig. 1).
. Experimental

Fine Sm2Co17 powders were used to prepare the hydride samples. Hydriding
as carried out in H2 gas atmosphere at 100 ◦C in a constant volume reactor.
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Fig. 1. The local environment of the samarium site in the structure.

he amount of hydrogen in the compound was determined from the difference
f pressure before and after the reaction. It amounts to x = 1.5 and 4.6 for the two
ydride samples prepared. The X-ray diffraction measurements showed that the
ydrides obtained are single phase. The parent compound as well as the hydrides
ave the easy magnetisation direction along the crystallographic c-axis.

Measurements of the 147Sm and 149Sm spin echo spectra have been carried
ut at 4.2 K and zero applied magnetic field using an automated spin echo NMR
pectrometer [5]. The 147Sm spectra are presented in Fig. 2. The 149Sm spectra
not shown) are consistent with the 147Sm spectra but much less resolved due to
smaller nuclear quadrupole moment of the 149Sm isotope. The spectrum of the
arent intermetallic compound Sm2Co17 consists of a single, quadrupole split
eptet. In the spectrum of the x = 1.5 hydride four septets can be identified. As
t this value of x hydrogen occupies the 9(e) sites, the septets can be attributed
o the Sm sites with 0–3 hydrogen atoms at these nearest neighbour sites. For
m2H17H4.6 two quadrupole septets are observed. At this concentration the 9(e)
ites are fully occupied and the remaining hydrogen is distributed over one-third
f the 18(g) sites. Using the binomial distribution function allowed us to attribute
he septet with higher intensity to Sm with three 9(e) and two 18(g) hydrogen
eighbours, whereas the septet with lower intensity could be attributed to Sm
ith three 9(e) and one 18(g) hydrogen neighbours. From the central frequencies

0 of each septet the values of the hyperfine field B were obtained using the

quation: ν0 = CgnB with C = −7.6231 MHz/T and gn = −0.2306 for 147Sm [6].
he values of the hyperfine field are collected in Table 1, together with the
uadrupole splittings derived from the line separation within the septets. The
heoretical probabilities P(n, x/3) of the respective configurations of hydrogen

w
a
n
s

able 1
he values of central line frequencies in the septets ν0, quadrupole splitting νq, elec
t the 9(e) and 18(g) sites, P(n, x/3), the corresponding experimental values derived
ydrogen in Sm2Co17Hx

ν0 (MHz) νq (MHz) B (T) Vii (×102

m2Co17 602.00 9.30 339.23 −203

m2Co17H1.5

1 septet 589.00 9.00 331.74 −197
2 septet 593.00 9.00 333.99 −197
3 septet 599.50 9.17 337.09 −200
4 septet 603.00 9.33 339.62 −207

m2Co17H4.6

1 septet 590.60 9.09 332.60 −199
2 septet 594.75 9.00 334.98 −197
ig. 2. Spin echo NMR spectra of 147Sm at 4.2 K. The outermost lines of the
eptets corresponding to 0–3 hydrogen 9(e) neighbours are marked.

eighbours derived for both hydrogen contents from the binomial distribution
unction and the experimental values derived from the relative intensities of the
eptets, S(n, x/3), are also included.

. Discussion

An inspection of the results collected in Table 1 shows that
ydrogen neighbours at the 9(e) sites cause a decrease of Sm HFF
ompared to the unhydrided Sm2Co17. One hydrogen neigh-
our causes a decrease of the HFF by 2.53 T. For the two and
hree hydrogen 9(e) neighbours the decrease amounts to 5.53
nd 7.88 T, respectively. Relatively small hydrogen atoms are
xpected to influence the samarium valence electrons with the
ost extensive wave functions, i.e. mostly the 6sp ones. Thus the

ffect can be assigned to an increase of the 6sp electron contribu-
ion. The increased 6sp contribution partly cancels the dominant
f electron contribution, which is mostly of orbital origin and is
f opposite sign to that of the 6sp one. The result is consistent

ith our previous Nd NMR results on Nd2Co17Hx, where
decrease of the neodymium hyperfine field due to hydrogen

eighbours was observed [7]. Hydrogen neighbours at 18(g)
ites cause an increase of the Sm hyperfine field, that can be

tric field gradient Vii, theoretical occupation probability of n hydrogen atoms
from the relative intensities of the septets, S(n, x/3) and the concentration x of

0 V/m2) x n P(n, x/3) S(n, x/3)

0 0 1 1.00

1.5 3 0.125 0.12
1.5 2 0.375 0.30
1.5 1 0.375 0.29
1.5 0 0.125 0.29

4.6 39(e), 218(g) 0.65 0.85
4.6 39(e), 118(g) 0.286 0.14
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ttributed to a decrease of the 6sp contribution. A possible expla-
ation of the effect is that the changes of the contribution to the
yperfine field concern the spin dipolar contribution from the
p and, possibly, 5d orbitals. In such a case the increased spin
olarisation of these orbitals lying in the basal plane of the hexag-
nal structure due to hydrogen 9(e) neighbours could explain
decrease of the Sm hyperfine field. In the case of hydrogen

8(g) neighbours an increase of the polarisation of the 6p and
d orbitals out of the hexagonal plane is expected, that would
ause an increase of the total hyperfine field.

The values of the electric field gradient at the samarium nuclei
n different compounds and for different configurations of hydro-
en neighbours, Table 1, were obtained from the line separations
ithin the septets using the formula: Vii = 2I(2I − I)hνq/3e|Qn|,
here Vii is the EFG component along the hyperfine field direc-

ion and Qn is the nuclear quadrupole moment, for 147Sm
147 = −2.08 × 10−24 cm2. The NMR signal in these com-
ounds corresponds mainly to the domain wall edges, i.e. to the
irections of Sm magnetic moments which are close to the easy
agnetisation direction, which is the c-axis. Thus, the values

f the EFG determined from the quadrupole split spectra corre-
pond to the c-axis component of the EFG. It can be expressed as
sum: Vii = Vii(4f) + Vii(latt), where Vii(4f) is the contribution

rom the 4f electrons and Vii(latt) is the “lattice” contribution
rom the uneven occupation of the 5d and 6p orbitals of the par-
nt atom due to the presence of neighbours in the lattice, as well
s from the charge distribution at the adjacent sites [8]. Assum-
ng the unchanged value of Vii(4f) with hydriding, a decrease of
he EFG caused by hydrogen 9(e) neighbours can be attributed
o an increase of the lattice EFG, since their c-axis components
re of the opposite sign. For the 18(g) hydrogen neighbours a
light decrease of the lattice EFG is observed. The effect can be
ttributed to an electron density transfer from samarium towards
ydrogen. In the case of hydrogen 9(e) it corresponds to the

ppearance of an effective negative charge in the hexagonal
lane around samarium. For hydrogen 18(g) this corresponds
o the appearance of a negative charge out of the plane, which
as the opposite impact on the EFG at the samarium site.

[
[
[
[
[
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Using the relation between the second order crystalline
lectric field (CEF) coefficient and the lattice EFG: A0

2 =
D/4eVcc(latt), where D = 1/320 [9], an increase of the magni-

ude of the CEF coefficient due to the hydrogen 9(e) neighbours
s obtained. It corresponds to a strengthening of the uniaxial
nisotropy of the compound. For hydrogen 18(g) a slight weak-
ning of the uniaxial anisotropy is derived.

. Conclusions

The samarium spin echo NMR study provided resolved
uadrupole split spectra corresponding to individual Sm sites
ith different number of hydrogen neighbours at the 9(e) and
8(g) sites. The different values of hyperfine field and electric
eld gradient obtained for the different Sm sites show that hydro-
en affects the electronic structure at the Sm sites in a local and
nisotropic way. The opposite tendencies of the changes of the
yperfine field due to the hydrogen 9(e) and 18(g) neighbours
s attributed to their influence on the anisotropic spin dipolar
ontribution to the hyperfine field.

An increase of the lattice contribution to the electric field gra-
ient due to the hydrogen 9(e) neighbours and its slight decrease
ue to the 18(g) neighbours is observed. This corresponds to
n electron transfer from the samarium site towards hydrogen
nd results in a strengthening of the uniaxial anisotropy due to
he 9(e) neighbours and its slight weakening due to the 18(g)
ydrogen neighbours.

eferences

1] D.B. de Mooij, et al., J. Less-Common Met. 142 (1988) 349.
2] Sun Hong, et al., J. Phys.: Condens. Matter 2 (1990) 6465.
3] Cz. Kapusta, et al., J. Magn. Magn. Mater. 159 (1996) 207–210.
4] D. Fruchart, et al., J. Alloys Compd. 253/254 (1997) 121.

5] J.S. Lord, et al., Meas. Sci. Technol. 6 (1995) 149.
6] J.G. England, et al., J. Phys. G 16 (1990) 105.
7] Cz. Kapusta, et al., J. Appl. Phys. 81 (1997) 4563.
8] R. Coehoorn, et al., J. Appl. Phys. 69 (1991) 5590.
9] P.C.M. Gubbens, et al., Hyp. Int. 53 (1989) 37.


	NMR study of Sm2Co17Hx hydrides
	Introduction
	Experimental
	Discussion
	Conclusions
	References


