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  The high-fieldi magnetizations  of  Y(Coi.AL)?}{, have
been measured  for OKrSO.075  and  OsyK3.44  in pulsed
high magnetic  fields up  to 42  T, The  itinerant

metamagnetic  transition is broadened, but clearly

observed  in Y(Coo.g2sAlo.o7s)2H, with  yf!O.72. The  value  of

the critical field B. of  the  transition decreases nearly

linearly with  increasing hydrogen content  in the region

y<O.28, which  is consistent  with  the decrease of the

transition field due to Al substitution for Co in the parent
compound.  A  weak  spontaneous  moment  appears  in all
the hydrides, which  originates  from  a panial structural
disordering of  the lattice induced by hydrogen  ahsorption.
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                1. Introduction

  Laves phase compounds  YCo2  and  LuCe2 are typical of

strongly  exchange-enhanced  Pauli paramagnets and

exhibit  itinerant electron  metamagnetism  at critical fields
69 T and  74 T, respectively. 

i)
 This transition is

considered  to originate  from the shape  ofDOS  around  the

Fermi  level. 
2)
 The  substitution  of  Al for Co in YCo2

leads to a  volume  increase, which  increases the DOS  at

the  Fermi level, enhances  paramagnetism and  reduccs  thc

critical field of  the metamagnetic  transition. 
3)

   Intermetallic Layes phase compounds  al)sorb a large
amount  of hydrogen  and  their lattices expand  up  to al)out
Acvke =7 %, depending on  the hydrogen content.  

")
 The

hydride YCo2H. was  reported  to retain a  Pauli

paramagnet. 
5)
 Later, YCo2H3.s  was  found to reveal

ferromagnetic behavior at 4.2 K  with  relatively  small

spontaneous  moment  of  -- O,25 pBfCo. 
6)
 This was

interpreted as  a  consequence  of  the volume  expansion  amd

the electron  transfer from  the  d-electron states to the

hydrogen induced states.  However, all the available  data
were  obtained  only  for the maximum  hydrogen content,
There is no  information about  the efTk)ct of  hydrogen on

the metamagnetic  transition, the critical field of which
will be very  sensitive to the hydrogen  content,  

i)

   In order  to clarify the origin  of  the effl)cts  of

hydrogen absorption  on  the magnetic  properties of  the

metamagnetic  Laves phase compound  in this study, we

have measured  the high-field magnetization  curves  of

hydrides Y(Co]..Al.)2H, for x=O,  O.06 and  O.075; .ts3.44
together with  amorphized  YCo2H3.o6･
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            2. Experimental Detaags

   Samples of Y(Coi..Al.)2 were  prepared in a semi-

levitation crucible  by an  induction melting  under  argon

atmosphere,  foliowed by annealing  at 9000C for a week.
Powder X-ray diffraction confirms  the sample  to be single

phase with  the cubic  Laves phase structure.

   Hydrogenation of  the  samples  was  carried  out  with

highpurity hydrogen gas, The  hydrogen concentration
was  controlled by varying  the h}rdrogen pressure and

tcmperature.

   High magnetic  fieids up  to 42 T  u'ere produced using
a wire-wound  pulse magnet  with  a duration time of about

20 ms,  The  magnetization  was  rneasured  by an  induction
method  with  a  set  of  compensated  pickup coils. The

temperature dependence  of  the magnetization  was

measured  using  a vibrating sample  magneterneter  ifi a

magnetic  field O.6 T.

           3. Resultsanddiscussion

   Figure 1 shows  the  high-field magnetization  curves

ef  Y(Coo.g2sAlo,o7s)2H,･ with  different hydrogen content  y.
The parent compound  exhibits  a  sharp  metamagnetic

transitien at 30 T. In the hydrides with  iow hydrogen
content,  the metamagnetic  transition broadens, but can  be
obsenJed  clearly for the hydregen concentration  up  to

y=O.72, The  value  of  the field-induced magnetic  moment

decreases gradually with  increasing y. AII the hydrides
have a  w ¢ ak  spontaneous  moment,  consistent  with  the

previous study  
6),

 The  spontaneous  moment  changes
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Fig, 2. Magnetization curves  ofY(Coo.g4Alo.o6)2}!F･
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with  y passing through a maximum  at JFO.28.
   Similar hydrogen effects were  Observed on  the high-
field magnetization  cun'es  of  Y(Coo.g4Alo.os)2 (Fig, 2),
and  YCe2. However, the applied  magnetic  fields up  to 42
T were  not enough  to see the metamagnetic  transition in
the bydnde ofYCo2B.
   Figure 3 shows  the value  of  B, as a  function of  the
lattice parameter both for the hydrides
Y(Coog2sAlo.o7s)2Hy (open circles) and  for the two

hydrogen-free compounds  with  different Al
conoentrations  Y(Coo.g4Alo.o6)2 and  Y(Coo.g2sAlo.e7s)2
(closed squares).  The  lattice parameters determined for
the two hydrogen-free samples  are in goed  agreement

with the data T), whereas  their values  of B. are consistent

with  the data 3). It can  be seen  that the changc  of  B, due
to hydrogen ahsorption in the regiony<O.28  is consistent
with  the difference of  B, in the hydrogen-free samples.  In

the case  of Y(Coi.Ai.)2, the volume  expansion  is
considered  to contribute  to the decrease of B, 

S).
 The

change  in the Al content  from  O,06 to O,075 leads to the
volume  increase AVfV=2.5×10'3, lf we  take the
compressibility  of  the hydrogen-free sarnples  to be
K=dlnWdP=1 ×10'3 kbar'i 9),

 the observed  volume
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Fig. 3. Critical field B. as  a  function of  the lattice

parameter a  for Y(Coo.g2sAloo7s)2H,, y>O  (open circles);
Y(Coo,g2sAlo.ois)2 and  Y(Coeog4Alo.o6)2 (closed square),
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increase corresponds  to a negative  pressure of  -2.5 kbar.
lf we  assume  that the change  of  B. comes  only  from the
volume  expansion,  we  can  estimate  thc prcssure effect  of

B, to be dBUdP -  4 Tlkbar. However,  the magnetization
measurements  of a  related compound  Lu(Coo.sgGca,i2)2
under  high pressure give censiderably  Iower yalue

dBYdP==1,O T  kbar'i 
i).

 Such a large discrepancy should

be attributed to the decrease ef  the electron  density in the
3d-band, giving the shifi  of  the Fermi  level to the lower
energy  side. The decrease of the electron  density is due
to the substitution of  Al atoms  with unfilled  3d states for
Co. Since relatively  smal1  amount  of absorbed  hydrogen
produces the changc  of  B. Iike the substituted Al, we  can

conctude  that the absorbed  hydrogen behaves as an

electron acceptor.  This behavior is similar  to that of

hydrogen in Fe-containing intermetallics 
a),

   Duc et al. 
iO)

 found that the Curie temperature of the
R(Coi.Al.)2 systems with  different R  becomes maximum
at a critical lattice parameter a.  =7.27  A  where  the intra-
atomic  exchange  interaction in the Co atoms  is
considered  to have a  maximum  value. The lattice
parameter, at which  the value  ofB,  in the hydride system
Y(Coo.g2sAle,o7s)2}!, becomes minimum,  is surprisingly

close to thisvalue.

   The  hydrides of Y(Coo.g2sAlo.o7s)2H, with  y>1.12
have no  metamagnetic  transition in high magnetic  fields
up  to 42 T. In this concentration  region, the efiect  of  the
s-d  1iyt)ridization between the hydrogen-induced states

and  the 3d states will become Iarge, which  destroy a

sharp  DOS  peak below the Fcrmi  level responsible  for the
metarnagnetic  transition in this compound  

?).
 Band

structure calculations  of the hydrides are necessary  to
understand  the inecimnism  of  tlie suppression  of  itinerant
electron  metamagnetism  at high hydrogen
       '
concentra"ons.

   The temperature dependence of  the magnetization

measured  in a  magnetic  field of  O.6 T is shown  in Fig.4.
The magnetization  decreases monotonically  with

increasmg  temperature up  to 400-500 K. At higher
tcmpcraturcs,  thc increase ofthe  magnetization  was
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Fig.4. Temperature dependences of  the magnetization  of

compounds  with  sma]1  amounts  of  hydrogen and

amorphized  YCo2H3,o6 in a magnetic  field O.6 T.
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observed  accompanied  by the irreversibility in the

temperature dependence of the magnetization.  This
suggests  the existence  of  a structural transformation,

   Since we  haye 6bserved the spontaneous  moment

together with  the rnetamagnetic  transition, the moment

does not originate  from the intrinsic magnetic  properties.
All the studied  hydrides are single phase with  the
MgCu2-type  structure, However,  X-ray diffraction
patterns of  the hydrides are broadened in comparison

with  the parent compounds.  }fydrogen treatment at

elevated  temperature and  pressure is known  to lead

sometimes  to complete  disappearance of  X-ray diffraction

patterns (hydrogen-induced amorphization).  We  obtained

lrydrogen-amorphized YCo2H3.o6 by hydrogen treatment
at 510 K  and  10 bar. This amorphized  compound  is a
ferromagnet with a spontaneous  moment  of  1.1 pelCo
and  the  Curie temperature is higher than SOO K, as

shown  in Fig,4, This behavior is very  similar  to that of

amorphous  hydrogen-free YCo2, which  is known to be a
ferromagnet with  a spontaneous  moment  of--  1.0

palCo 
ii).

 We  consider  that  the appearance  of  the weak

spontaneous  moment  in Y(Coi..Al.)2H, is attributed  to

partial structural disordering produced by hydrogen
absorption.  As  a  rneasure  of  such  disordering, the

broadening of  X-ray difflraction patterns can  be
considered.  As  seen  from  Fig,5, there exists a  strong

correlation  between the spontaneous  magnetizatien  and

the halfWidth of  the most  intensive [3,1,1] X-ray
diffi/action line. We  can  spe ¢ ulate that such  disordcring

produce ultrafine Co  clusters  
i2).

 Although  these clusters
are  too small  to be detect by means  of  X-ray diffiraction
techniques,  they wi11 exhibit  the temperature dependence

of  the magnetic  moment  shown  in Fig.3, which  is quite
different from that of  meta11ic  c(ibalt.

4. Conclusion

   The  magnetization  curves  of  Y(Coi..Al.)2H, h}rdrides
were  measured  in pulsed high magnetic  fields up  to 42 T
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Fig.5. Spentaneous magnetization  as a fimction of

halfrvidth of the [3 1 1] X-ray diffraction lines for 1rydrides
",ith small  hydrogen  contents.
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togetherivith hydrogen-free compounds  and  hydrogen-
amorphized  YCo2H3.o6. The  main  results  obtained  are

summarized  as follows:
1) The  itinerant metamagnetic  transition is broadened by
hydrogen  absorption,  but can  be observed  clearly  in
Y(COo.g2sAlo.o7s)2H,withyKO.72.

2) H}rdrogen al)sorbtion reduces  the critical field of  the

transitioll B, in Y(Coe.g2sAle.o7s)2H,. The critical field
decreases nearly  linearly with increasing the lattice
parameter a  in the low concentration  region  y<O.28, The
decrease of  B, is consistent  with  that due to Al
substitution  for Co in the parent compound.
3) The  metamagnetic  transition disappears in the high
concentration  region  y>1.12. This may  occur  due to the
effect of the s-d hyi)ridization between the hydrogen-

induced states and  the 3d states,

4) A  weak  spontaneous  moment  appears  in all the
hydrides and  its value  correlates with  the broadening of
X-ray diffraction lines. The  appearance  of the moment  is
attributed to a  partial structural disordering of  the crystal

lattice induced by hydrogen absorptien,
5) The hydrogen-amorphized YCo2H3.o6 was  found to be
a  strong  ferromagnet. The  magnetic  properties are  very

similar to those of  amorphous  YCo2.
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