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llydrides and deuterides of manganese with hydrogen-to-metal ratios z between 0.65 and 0.93 
were studi(~d by M6ssbauer spectroscopy on dilute substitutional STFe probes. No traces of mag- 
netic ordering,were found. Experiments on STFe in MnD0.7"t in external magnetic fields show 
that the iron has no measurable magnetic moment. The shapes of the MSssbauer patterns are 
compatible with superstructure ordering of the interstitials of the anti-Cdl2 type near �9 = 0.5, 
while the dependence of the isomer shifts on z shows that there are no substantial iron-hydrogen 
interactions. 

1. I n t r o d u c t i o n  

Under high pressures of molecular hydrogen or deuterium, manganese forms hcp hydrides 

and deuterides with hydrogen-to-metal ratios in the range of 0.65 "% ~: ,% 0.95 [1-3]. According 
to neutron diffraction experiments [4], these are antiferromagnetic. Their N~el temperatures 
presumably lie near 350 K, where a direct observation has been impossible because tile hydrides 

decompose rapidly above 300 K at ambient pressure. A weakly ferromagnetic behaviour ob- 

served in both MnH,  and MaD,  [5,6] has been attr ibuted to either spin canting or structural 

defects causing parasitic ferromagnetism [4 I. The present M6ssbauer experiments on dilute 

substi tutional 57Fe probes in MnI l ,  and MnD,  were prompted by the open questions concern- 

ing the magnetic properties of these systems. 'I'o avoid decomposition of the hydrides above 

room temperature,  part of the experiments were performed in a high pressure cell permitting 

ineasurements at temperatures up to about 600 K. Additional experiments were performed at 

a,nbient pressure and 4.2 I( in external magnetic fields Ul) to 6 T. 

2. E x p e r i m e n t a l  d e t a i l s  

The hydrides were prepared as described by Ponyatovsky et al. [3] at temperatures between 
325 and 350 ~ and pressures between 2.5 and 3.8 GPa from arc-melted alloys of a-Mn with 
0.2 or 0.5 at.% of enriched SrFe. The deuterides contained a few percent of hydrogen. In order 

to avoid hydrogen losses during storage, the samples were kept in liquid nitrogen except during 
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the M6ssbauer measurements.  The M6ssbauer experiments at high pressure were performed 
in a pressure cell using B4C anvils [7], in which the powdered samples were enclosed in teflon 
capsules of 7 mm diameter  with methanol as the pressure t ransmit t ing  medium and silica as 
a fdler. The hydrogen contents were determined by outgassing into a cal ibrated volume at 

elevated temperatures .  

3. R e s u l t s  a n d  D i s c u s s i o n  

The M6ssbauer spectra  of hydrides and deuterides of manganese taken at 4.2 I( (fig. 1) 
show no evidence of a magnetic hyperfine splitt ing. The isomer shifts increase with the hydro- 
gen content,  while the linewidths are largest near ~ = 0.75 (fig. 2). As for STFe in hydrides of Ni 
and Pd [8-10], the broadening of the pat terns  can be a t t r ibuted  to a superposi t ion of absorp- 

tion lines with different isomer shifts resulting from the different numbers of nearest hydrogen 
ncighbours around the 57Fe probes in the disordered hydride phases, with at best very small 

electric quadrupole splittings. The fits shown in fig. 1 were made with a maximum of 7 single 
lines corresponding to between zero and 6 hydrogen nelghbours with a shift of +0.12 m m / s  per 
hydrogen nelghbour like in the case of the P d H ,  and NiH~ systems [8-10]. A magnetic contribu- 
tion to the l inewidths should be most clearly revealed in the vicinity of the N~el temperature ,  
where any such broadening should disappear .  Therefore the tempera ture  dependence of the 

spect ra  was measured for MnD0.~ at a pressure of about 2 GPa,  by which decomposit ion could 
be avoidec~ up to about  600 K, the highest t empera ture  that  could be reached in the pressure 
cell, although some loss of deuter ium occurred above 450 I(. The la t ter  can be seen from the 
temperature  dependence of the isomer shift (fig. 2), which increases slightly with tempera ture  
up to about  450 K and then decreases steeply. This decrease is irreversible, as is shown by 
the shift obtained at 100 K after the sample had been kept at 584 K for about  4 days (fig. 2). 
The hydrogen content of the sample after this t reatment  could not be detcrnfined because of 
the contanfination with debris from the pressure cell, but  is est imated to be near the lower 
limit of existence of the hcp hydride phase of z ~ 0.65, since the MGssbauer pa t te rn  taken at 
4.2 1( (fig. 1) shows the presence of about 10 % of a-Mn.  The tempera ture  dependence of the 
linewidths (fig. 2) decreases smoothly with increasing tempera ture  but shows no anomaly near 
the supposed [4-6] magnetic ordering tempera ture  of about  350 K. If MnD~ is indeed antifer- 
romagnetic,  the absence of an observable magnetic hyperfine interaction of the iron nuclei is 
surprising since iron in antiferromagnetic hcp Mn-Fe alloys exhibits magnetic hyperfine fields 
between 1 and 2 T [11-14}, which cause at least an easily detectable line broadening. 

In a further search for magnetic hyperfine effects, M6ssbauer spec t ra  of STFe in MnD0.77 

were measured at 4.2 I( in external magnetic fields of 2, ,1 and 6 T. The resulting hyperfine 

pat terns  can be explained by a magnetic field at the iron nuclei that  is equal to the external 
field within the limits of error of about 1 % .  The iron thus bears no measurable localized 
magnetic moment,  in agreement with the rigid band model, which predicts non-zero magnetic 
moments at iron in hcp phases only at substant ial ly higher electrtm numbers than those reached 

in manganese hydrides. 

' t he  isomer shift in M n l t ,  and MnD= increases with the hydrogen content (fig. 2). Since 
the shift of iron in hydrogen-free hcp Mn is not known because of the instabi l i ty  of this phase, 
we take the mean isomer shift of the complex MSssbauer pat tern  of STFe in ce-Mn [15] as 
representative for unloaded manganese. For this we found a shift of -0 .26  m m / s  with respect 
the source of SVCo in Rh. Relative to this value, the hydrogen-induced shift is +0.27 mm/s  at 



G. Schneider et aL / ~TFe M.S. of hydrides and deuterides of manganese 469 

I q 0 -  

87. 

1 0 0  

97" 

-', 6 i 
Velocity (ram/s) 

T- 
95. 

91, 

-1 6 i 
Velocity (rnna/s) 

Fig. 1: M6ssbauer spectra of S'tFe in hydrides and deuterides of manganese measured at 4.2 K with a 
source of SVCo in Rh at the same temperature.  
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Fig. 2: Centre shifts (CS) and full l inewidths at  half maximum (LWIIM) of the STFe MSssbauer pat terns  
of hydrides (fifll symbols) and deuterides (open symbols) of manganese as a function of the hydrogen- 
to-metal ratio z at  4.2 K (left) and as a function of tempera ture  (right) for a sample with an initial 
hydrogen content of z = 0.77. The centre shifts are given with respect to the source of STCo in Rh at 
the same temperature  as the absorber,  which largely eliminates the second order Doppler shift. 

z ~ 0.65' and  +0 .43  mm/s at  z = 0.93. T h e  near ly  l inear  d e p e n d e n c e  of these  shif ts  on tile 

hyd rogen  con t en t  i nd ica t e s  t h a t ,  o t h e r  t h a n  for STFe ill Ni and  Pd [7-9], t he re  is no sizeable 

inf luence of a repuls ive  i n t e r a c t i o n  be tween  the  i ron solu tes  and  the  in t e r s t i t i a l s ,  which  would 

lead to a reduced  hyd rogen  si te  o c c u p a n c y  nea r  tile i ron p robes  and  to a n o n l i n e a r  d e p e n d e n c e  

of the  cen t re  shi f t  on z [7-9]. For a d i s t r i b u t i o n  of h y d r o g e n s  near  the  i ron t h a t  is u n p e r t u r b e d  

by i r o n - h y d r o g e n  i n t e r ac t i ons  a n d  s u p e r s t r u c t u r e  o rde r ing ,  the  w i d t h  of tile M 6 s s b a u e r  p a t t e r n  
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should be largest  near  x = 0.5 and decrease towards higher  hydrogen  contents ,  l towever ,  fig. 2 

shows tha t  the width  is small  at �9 ~ 0.65, has a m a x i m u m  near  z = 0.75 and then  decreases 
again when all in ters t i t ia l  sites become filled as x approaches  unity. Tiffs behav iour  suggests  a 

supers t ruc tu re  order ing  of the hydrogen near  ~c = 0.5, confi rming the neu t ron  diffract ion results 

[4] that  have been in te rpre ted  in terms of an ant i-CdI2 type super s t ruc tu re ,  in wtdch a l t e rna te  

hexagonal  layers of oc tahedra l  in ters t i t ia l  sites are filled and each meta l  a tom has 3 nearest  

hydrogen neighbours  at x = 0.5. 

4. C o n c l u s i o n s  

The  SVFe MSssbauer  da t a  for the hydr ides  and deuter ides  of manganese  do not reveal 

magnet ic  order ing and show that  iron solutes in these sys tems have no measurab le  localized 

magnet ic  momen t .  Consider ing these results ,  it will be of interes t  to ex tend  the SVFe Mgssbauer  

studies to the fee manganese  hydrides  descr ibed recently [16,17], which have also been found 

to be an t i fe r romagne t ic  [16]. 
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