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Ilydrides of Ni0.70Cu0.a0 prepared both electrolytically and under high pressures of hydrogen 
gas were studied by M6ssbauer spectroscopy on dilute STFe probes and by magnetization measure- 
ments. At hydrogen-to-metal ratios above �9 .-~ 0.3 no ferromagnetism is observed down to 4.2 K. 
The dependence of the mean change of the isomer shift on the hydrogen content of the samples 
reveals a repulsive interaction between the hydrogen interstitials and the iron probes. The effect 
of this interaction is, however, less pronounced than for STFe in the hydrides of pure nickel. This 
difference can be attributed to a competition of the repulsive Fe-It and Cu-lt interactions. 

1. Introduct ion 

Nickel and copper  form a cont inuous  series of solid solutions,  whose sa tura t ion  magnet i-  

zat ion and Cur ie  t e m p e r a t u r e  decrease with increas ing copper  content .  Alloys conta ining more 

than  about  60 a t .% Cu do not become fe r romagnet ic  down to 4.2 I r [1]. Ni-Cu alloys with 

copper  contents  up to about  50 at .% can be loaded with hydrogen electrolyt ical ly  or under  high 

pressures of 112 gas [2-11]. The  hydrides  retain the fcc s t ruc ture  of the Ni-Cu alloys. Like in 

pure Ni [12], the f e r romagne t i sm is suppressed by hydrogena t ion  [2,4,5,8-11]. At COl)per con- 

cent ra t ions  below abou t  40 a t .%,  a separa t ion  into an a phase conta in ing very l i t t le hydrogen 

and a hydrogen-r ich  fl phase t is observed [4,10]. 

ReCently, first results of a M6ssbauer  s tudy of the hydrides of Ni0.ToCu0.a0 have been 

repor ted  [13]. "].'he present  paper  describes a more  detai led ii1vestigation of the dependence  

of the isomer  shift  on the hydrogen  content  and of the proper t ies  of the magnet ic  a p h ~ e  

conta in ing  a few percent  of hydrogen  only. 

t Al te rna t ive ly  [10], these two phases have been designated as 3'1 and 3'2- 
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2. Experimental  Details 

As in the previous MSssbauer experiments [13], the absorbers were made from an arc- 

melted Ni0.wCu0.30 alloy containing 0.15 at.% of isotopicaily enriched STFe. Rolled foils of about 

15 Fm thickness were annealed at 850 ~ in H2 for 2 hours and then loaded with hydrogen either 

under high pressures of molecular hydrogen or electrolytically at ambient  temperature in 0.5 

n It2SO4 with 0.2 g/l of thiourea as a promoting agent [14] and a current density of about 20 

mA/cm 2. tlydrogen pressures of up to 3 GPa were reached at room temperature in piston- 

type pressure cells [9,15-17], while the hydrogenation at 7 GPa was performed at 300 ~ in a 

high pressure cell using AIII3 as a hydrogen donor [18]. After the hydrogenation, the pressure 

cells were cooled with liquid nitrogen before release of the pressure and removal of the samples. 

After the hydrogenation, the specimens were stored in liquid nitrogen and transferred in.to 

the M6ssbauer cryostat without warnfing. The hydrogen content was determined by outgassing 

either the whole samples after the MSssbauer measurements or parts removed from the specimens 

beforehand. 

3. Results 

The MSssbaucr spectra of the hydrides of Ni0.v0Cu0.301t~ with hydrogcn-to-mctal ratios 

z ~ 0 . 3  are broadened 'pat terns  that do not show a magnetic hyperfine splitting [13]. The 

broadening call be mainly be attr ibuted to the distribution of hydrogens on the six interstitial 

sites next to the substi tutional iron probes. Moreover, the distr ibution of Ni and Cu atoms ill 

the vicinity of the iron causes some line broadening already at ~ = 0 [13]. In analogy to the 

model used previously for fitting the spectra of NiIt~ [19,20] and PdH~ [21], the spectra were 

fitted with a superposition of seven equidistant lines corresponding to 57Fe with 0 to 6 nearest 

hydrogen neighbours. The influence of the distribution of Cu and Ni neighbours was included 

in the width of these lines. For the isomer shift per hydrogen neighbour a value of AS =0 .10  

mm/s  yielded good fits of the spectra and is in agreement with previous results [13,19-21]. Fig. 1 

shows the dependence of the centre shift of the non-magnetic peak on the hydrogen content. 

Samples with an average hydrogen content below z ~ 0.3 usually are mixtures of the non 

magnetic /3 phase and tile ferromagnetic ~ phase containing a few percent of hydrogen. The 

hydrogen contents of the/3 phase in such samples were derived using a: = 0.03 for the the ~ phase 

(see below) and taking the relative amounts of the two phases from the areas in the MSssbauer 

spectra. Samples loaded at a hydrogen pressure of 0.33 GPa at ambient  temperature contained 

no /3 phase and had hydrogen-to-metal ratios near z = 0.03. These small hydrogen contents 

have no visible influence on the isomer shift or the magnetic hyperfine field of (26.6 i 0.2) T 

at 4.2 K. Magnetization measurements in al ternating magnetic fields performed as described in 

Ref. [22], however, show that at �9 ~ 0.03 the Curie temperature is reduced by about 20 I( and 

tile saturation magnetization by about 10 % (fig. 2). 

4. Discussion 

The hydrogen-induced centre shifts for S~Fe in Ni0.70Cu0.~011= show a strongly non-linear 

dependcncc on the hydrogen contcnt but are generally higher than those for STFc in hydrides 

of pure nickel (fig. 1), where below room temperature the/3 phase cxists only with hydrogen 
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Fig. i: Isomer shifts of sTI;e in Ni0.-t0Cu0.a0tlz hydrides as a function of the hydrogen content. Open 
circles represent data from single-phase, filled circles data from two-phase specimens. The shifts were 
measured at 100 K and are given relative to hydrogen-free Ni0.7oCu0.a0 at the same temperature. 
Shifts for dilute STFe in NilI .  hydrides [19,20] with respect to unloaded nickel are shown for comparison 
(triangles and squares).l 
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Fig. 2: Temperature dependence of the saturation magnetization of 
Ni0.ToCu0.a0110.0a and of the same alloy after complete outgassmg. 

contcnts x ~ 0.9 [7]. Thc shifts for/3-Nill~ show no correlation with the hydrogen content (fig. 1), 

presumably bccausc the accuracy of the dctcrminat ion of the hydrogen contcnt is ]nsuIficicnt 

to rcsol'vc thc steep incrcasc of the shift with increasing hydrogen content for z >,, 0.9. Such a 

steep increase is cxpccted if there is a strongly rcpulsivc interaction between thc hydrogen and 

the iron probes ft9-21], which largely prcvcnts hydrogen from occupying sites next to iron at 

except at hydrogcn contents close to x = 1. 

For the Ni0.70Cu0.a0 alloys the incrcase of thc isomer shift with the hydrogcn concentration 



474 B. Zhang et al. / Investigation of the hydrides of  Nio.7oCUo.~o 

is sn]oother,  showing that  hydrogen penet ra tes  into the vicini ty of the iron probes a l ready 

at lower hydrogen concentra t ions .  This  can be explained by a d i s t r ibu t ion  of in ters t i t ia l  site 

energies in the disordered Ni-Cu alloys, where inters t i t ia l  sites with m a n y  Cu ne ighbours  will be 

less favourable for hydrogen occupat ion  than  sites with fewer or none,  in a s imilar  m a n n e r  as has 

been proposed for hydrides of amorphous  alloys [23,2@ Hydrogen sites with an  iron ne ighbour  

will be d i s t r ibu ted  within the range of site energies and therefore become filled gradual ly  together  

with other  sites with comparable  energy. Model calculat ions based on the model  of a site 

energy d i s t r ibu t ion  [23,24], whose descript ion would exceed the scope of this paper ,  can indeed 

explain the dependence  of the centre slfift on the hydrogen conten t  and  on t empera tu re  [13] 

with reasonable values of the model parameters .  

The  lack of sensit ivi ty of the S~Fe for p rob ing  the in l luence of the dissolved hydrogen in 

the c~ phase can also be unders tood in this way, since for small  z the in ters t i t ia l  sites next  to 

the iron will not  be occupied even in Ni-Cu alloys. The  magnet ic  propert ies ,  i. e. the Curie 

t empera tu re  and the sa tu ra t ion  magne t iza t ion ,  however, are s t rongly affected, as i s sugges t ed  

by the rigid band  model,  since the incorpora t ion  of hydrogen fills the empty  d states in Ni or 

Ni-Cu alloys. 
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