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The magnet i c  suscept i b i l i t i es of hydrogen doped 4d-3d meta l l i c g l asses 
have been nieasured i n  the temperature range f rom 2K to 3 00K . I t  has been 
found that x (T) decreases substant i a l l y  wi t h  encreas i ng hydrogen content . 
Th i s  behavi ou r  i s  p r i mar i l y  a t r i buted to reduct i ons i n  the dens i ty of the 
Fermi l eve l e l ectron i c  states . The form and magn i tude of the obse rved ano­
ma l ous temperature dependence of the magnet i c  suscept i b i l i ty -Tl /2 are i n
agreement w i t h  recent e l ectron i n teract i on theor i es wh i ch pred i ct quantum 
cor rect i ons  to the suscept i b i l i ty .  Hydrogen has been found to i n f l uence 
st rong l y  the quantum-mechan i ca l  i nte rfe rence at defects , thus s l ow i ng down 
the sp i n  d i ffus i on' and enhanc i ng the suscept i b i l i ty at  l ow  temperatures . 

Weak l oca l i zat i on /1 , 2 /  and enhanced e l ectron-e l ect ron i n te ract i on 

/3 ,4/  have successfu l l y  exp l a i ned the temperature and magnet i c  f i e l d  depen­

dence of the e l ect r i ca l  conduct i v i ty i n  meta l l i c g l asses /5-8/ . I t  has been 
shown /3 , 9/ that  the i n te ract i on between e l ectrons i n  d i sordered conductors 

a l so g i ves r i ·se to correct i on s  in the den s i ty of states at t he Fe rmi  l eve l . 

Thus , i n  the case of the e l ect ron repu l s i on the temperature and f i e l d  

dependences o f  the conduct i v i ty e l ect ron magnet i c  suscept i b i l i ty im i tates 

the Cur i e-We i ss l aw. Our ear l i er resu l ts have shown a s i gn i f i cant i n f l uence 
of hydrogen on the quantum correct i ons  to the conduct i v i ty of meta l l i c 

g l asses /8 , 1 0/ .  

The samp l es we re cut f rom r i bbons prepared b y  rap i d  so l i d i f i ca t i on of 

the mel t on a s i ng l e-rol l sp i nn i ng copper whee l under a h i gh pu r i ty argon 

atmosfe re and were doped wi th war i ous hydrogen concentrat i ons us i ng an 

e l ectrol yt i c  method . The content of absorbed hydrogen was determi ned us i ng 
a p rev i ous l y  estab l i shed re l a t i onsh i p between the ga i n  i n  re s i stance and 

vol ume t r i ca l l y  determi ned hydrogen concent ra t i on / 1 0/ .  Magne t i c  suscept i ­

b i l i ty measurements we re car r i ed out us i ng the Fa raday method wi th a Cahn 
e l ectrobalance and a convent i ona l magnet (0 , 94T) . A p rec i s i on range of 1 0-7

JT-2mol - l was ma i nta i ned i n  t h i s measurement .

The magnet i c  suscept i b i l i ty data for Zr0 , 67N_i 0 , 33HX (X=0 ; 0 , 1 3 ; 0 , 33 )
and zr0 ,60cu0 , 40Hx ( X=0 ; 0 , 1 1 )  samp les vs . the square-root o f  temperature

are shown i n  F i g .  1 .  The suscept i b i  1 1 ty i n  both sys tems i s  nea r  I y i ndepen­

dent of temperature except for temperatures be low 30K where a s l i ght i n -
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crease i s  observed and i s  l owered upqn hydrogenat i on whi l e  the l ow tempe­
rature upturn i s  i ncreased . Bot h  effects a re more pronounced for Z r-Cu 
system . 

The temperature- i ndependent magnet i c  suscept i b i l i ty i s  expressed ad : 

p 
Xexp = Xe l  + X i on + Xorb ( l ) 

where X · and x b a re the i on i c  core d i amagnet i sm and orb i ta l  paramagne-1 on or  p t i sm respect i ve l y and xe l  i s  the Pau l i suscept i b i l i ty g i ven as :

x: 1 = µ�No (EF) / ( 1 - l effNO ( EF) ) (2 ) 

w i th µ
8 

the Bohr magneton , N0 ( EF) the bare dens i ty of s ta tes at the Fe rmi

leve l  and l eff the effect i ve exchange i ntegral  w i t h i n  the d- band .

Whi l e  x i on i s  re l at i ve l y sma l l for a l l the i on i c  cores i n  the systems

i nvest i gated , the orb i ta l  magnet i c  moments  a re not comp l etel y  quenched /1 1 /  
and a re o f  the same order of magn i tude a s  the Pau l i sp i n  term (Tabl e  1 ) .
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F i g . 1 The magnet i c  suscept i b i l i ty o f  Z r-N i  ( o )  and Zr-Cu ( • )
meta l l i c g l asses doped wi th  hydrogen vs . the square-root 
of temperature 

A sunvnary of measured and ca l cu l ated va l ues  are g i ven i n  Tab l e  1 .
The hydrogen atoms m i g rate ma i n l y  to Z r-r l ch s i tes where the i r 

s-e l ectrons hybr i d i se wi th  the z i rcon i um d-band / 12/ .  S i nce the dens i ty of

states at  EF of the ear l y- late t rans i t i on meta l  g l ass i s  dominated by the 
ea r l y  t rans i t i on e l ement. (Zr i n  our case ) we expect and i ndeed observe a 
st rong dependence of the dens i ty of states and hence of the Pau l i suscept i ­
b i l i ty on the hydrogen concen t rat i on .  The i n f l uence o f  the hydrogen 

'2.07 



e l ectron hybr i d i sat i on wi th t he z i rcon i um d-band does not seem to i nf l uence 

g reat l y  the orb i ta l  paramagnet i sm . Measurements of N0 (EF) as a funct i on of
hydrogen concent rat i on /1 3/ g i ve va l ues  whi ch i nd i cate that our observat i oo 

of suscep t i b i 1 ty suppress i on can be who 1 y  att r i buted to a change i n  the 
Pau l i term .  J n  the Z r-Cu system the hyd rogen i n f l uence i s  st ronger s i nce 
copper i s  i n  the d 1 0  state i n  a 1 1 i ts a l l oys and no hydrogen m i g rates to 

Cu-r i ch s i tes . 

Tab le  1 .  Magnet i c  suscept i b i l i ty da ta for zr0 , 67N i 0 , 33Hx and Z r0 ,60cu0 , ,.0Hx metal l i c g l asses

samp l e  

Zr0 ,67N i 0, 33 
Z ro ,67N i o , 33H o , 1 3 
Zro ,67N i o , 33Ho , 33
Zr0 , 60Cu0 , 40
Z r0 , 60Cu0 , 40HO , 1 1

X • 1 05 X ·  · 1 05 x�· l 05 / 1 . 1 05 X b • 1 05 /{E ) exp , on e or 
O F 

(JT-2
mo l - l ) (JT-2

mo l - I ) (JT-2
mo l - I ) (JT-2

mo l - l ) (JT-2
mo l - l ) {states/eVat)

1 28 -20 lt2 73 75 1 ,3 

1 2 0  -2 0 39 ,2  65 75 1 ,2 1  

1 05 -20 33 , 3 50 75 . 1 ,03 

93 - 1 7 , 8 3 1 , 5 50 , 4 60 ,4 0 ,98 

76 - 1 7  , 8 2 0 ,9 33 ,4 60,4 0 ,65 

I nteract i on between e l ectrons i n  d i sordered conductors l eads to a 

weakl y temperature dependant magnet i c  suscept i b i l i ty .  The quantum correc­

t i ons to the orb i ta l  magnet i c  suscept i b i l i ty in the Cooper channe l are 

g i ven as /9/ : 

ox0 = -2x0 ('11'/6 ) 
1 12 r ,;( 1 /2 ) (TT/M 1 12 l n- 1 (Tc/T) (3 ) 

where x0 i s  the d i amagnet i c  suscept i b i l i ty of e l ect rons , t (x) i s  the R i eman

zeta funct i on ,  T i s  the momentum re l axat i on t i me  and Tc i s  the superconduc­

t i ng t ran s i t i on temperature . 

Bes i des cor rect i ons  to the orbi ta l suscept i b i l i ty there ex i st correc­
C t i ons  to the sp i n  suscept i b i l i ty i n  the Cooper channe l ox5 and i n  the d i f-

fus i on channel  ox� /9/ : 

C D r; ( l /2 ) (gµ
B

)2 Tl /2

ox c ox + ox (2 ln  - l (T  /T) -:l. (j
= l ) ) (4) S S S l 6 • 2 1 /2 '11'3/2 (0'h) 3/2 C 

where A (j =l ) i s  a constant for t he e l ect ron-ho l e  i nteract i on and g i s  t he

g-factor of conduct i on e l ec t rons .

The expe r i menta l  data were f i tted (fu l l l i ne) . for temperatures
T <T<T . (where T .  corresponds to  t he m i n imum i n  the magne t i c  suscept i -c m 1 n m1 n 
b i l i ty)  to the re l a t i on :  

ox = -AT1 12 - BT l /l 1 n- l (Tc/T) + c 1
and for temperatures T>Tm i n  to t he re l at i on :
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1 /2 where A , B  and c2 a re the parameters of the f i t  and c 1 =c2 + AT mi n • The

va l ues of the pa rameters Tmi n  and Tc are g i ven in Tab l e  2 .
Tab l e  2· Coe ff i c. i ent5 of f i t  of expe r i menta l data to re l a t i on!> l5> and l6) 

S a m p I e 

Zr0 ,67N i 0 , 33

Z r  O ,67N i O , 33H0 , 1 3 

Z ro , 67N i  0 , 3 3H0 , 33

0 ,6 

0 ,85 

4 , O  1 1 5 . s  
1 06  . 3  

9 1 , 7 

T • m 1 n  
(K )  

6 0 

80 

1 1 5 

(6 ) 

1 , 5  

0 , 95 

0 , 85 

Coeff i c i en t  A i s  enhanced re l at i ve l y  to B upon hydrogenat i on .  The 

enhancement of the spi n suscept i b i l i ty re l at i ve l y  to the orb i ta l  part upon 
hydrogenat i on i s  i n  agreement w i th ou r data /8/ whi ch show that hydrogen 

reduces the sp i n-orb i ta l  scatte r i ng rate , thus reduci ng the m i x i ng of 

spi n-up and down subbands . I n  add i t i on hydroqen i s  found to enhance the re­
l a t i ve contr i but i on of t he e l as t i c  scatter i nq thus reduc i nq the effect i ve 

d i ffus i on constant .  The s l owi ng down of the sp i n  , d i ffus i on i s  expressed as 
an enhancement of the l ow temperature suscept i b i l i ty .  

I n  conc l us i on ,  we may say that the observed behavi our  o f  these h i ghl y 
d i sordered systems may be accounted for i n  terms of the t heoret i ca l  mode l s  

out l i ned and t hat  the re i s  a good quant i tat i ve agreement between t he pre­

d i ct i ons Qf the mode l s  and the exper imental data . 
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