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Heusler a l l o y s  Xp Mn Y and X Mn Y (where X can b e  argon atmosphere a t  7" pressure .  The samples were 

Co, N i ,  Cu, Ru, Pd, Ir, P t  and Au and Y can be a s-p heated a t  2 0 0 ' ~  f o r  20 h r s ,  then  a t  300°C f o r  24 h r s  

element l i k e  Al, Ga, Ge, Cd, In ,  Sn, Sb, Te, I, and Pb) and a t  8 5 0 ' ~  f o r  30 h r s .  It was then slow-cooled, pul- 

a r e  very a t t r a c t i v e  systems where t he  t heo r i e s  of t h e  ver ized ,  sea led  i n  an evacuated qua r t z  tube, annealed 

occurrence of magnetic order  and the  s ign  and t h e  mag- f o r  90 h r s  a t  950°C and f i n a l l y  slow-cooled. For t he  

n i tude  of t he  hyperf ine  magnetic f i e l d  can b e  severe ly  s t u d i e s  of a l l o y s  Pd2Mn Y ,  99Rh was produced i n  pa l la -  

t e s t ed .  I n  these  cubic  a l l o y s ,  the  magnetic moment is dium metal t a r g e t  by bombarding Pd metal  t a r g e t  wi th  

c a r r i e d  pr imar i ly  by the  Mn ions  (about 4 Bohr magne- about 90 MeV protons t o  produce 99Rh. By mixing t h i s  

t ons ) .  They order  i n  L 21 s t r u c t u r e  when the  composi- 

t i o n  is X2 Mn Y but  i n  C 1 s t r u c t u r e  when t h e  compo- 
b 

s i t i o n  is X Mn Y .  The magnetic i n t e r a c t i o n  i n  t hese  

a l l o y s  is considered t o  be  of long range cha rac t e r  

occurr ing  through the  conduction e l ec t ron  po la r i za t ion .  

I n  recent  years ,  a l o t  of hyperfine f i e l d s  have 

been measured a t  impuri ty s i t e s  i n  Fe, Co, N i  and Gd 

and a t  various s i t e s  i n  Heusler a l l oys .  There is a 

sys temat ic  trend of t he  magnitude and the  s i g n  of t h e  

hyperf ine  f i e l d s  a t  t he  impuri ty sites. We have been 

measuring sys t ema t i ca l ly  t he  hyperfine f i e l d s  i n  

Heusler a l l o y s  a t  9 9 ~ u ,  loOpd, l l1cd ,  l19sn, 1890s and 

" ' ~ r  by TDPAC technique using 16-d "Rh, 4-d 'OOpd 

and 3-d l1 '1n and by Mossbauer technique using lgmsn, 

13-d 1 8 9 ~ r  and 3-d l g l p t .  I n  t h i s  r epo r t ,  the  TDPAC 

experiments and t h e  r e s u l t s  a r e  described.  

The Heusler a l l o y s  Rh2 Mn Y and Rh Mn Y have been 

s tudied  f o r  t he  measurement of t he  hyperf ine  f i e l d s  a t  

Ru by using 9 9 ~ h  and f o r  t he  measurement of t h e  hyper- 

f i n e  f i e l d  a t  l l l c d  (which presumably occupies t h e  Y 

s i t e )  by using l l11n.  99.8% p u r i t y  rhodium metal 

powder was bombarded wi th  about 60 MeV protons t o  pro- 

duce l o  3Rh ( p, 5 n ) 9 9 ~ d - - 9 9 ~ h - - 9 9 ~ u .  The a l l o y s  

Rh2Mn Y and Rh MnY were produced by mixing soichiomet- 

t a r g e t  ma te r i a l  wi th  proper amounts of Mn and Sb, t he  

Heusler a l l o y s  were prepared by s tandard  methods. For 

t h e  measurements of  t he  hyperf ine  f i e l d s  a t  Cd s i t e s ,  

l1 l1n was produced i n  I n  meta l  by t h e  bombardment wi th  

30 MeV protons.  The r ad ioac t ive  indium metal replaced 

2 atomic % of t h e  s-p element i n  t he  Heusler a l l o y .  

X-ray powder d i f f r a c t i o n  spec t r a  of  the  a l l o y s  were 

recorded; t h e  appearance of app rop r i a t e  peaks showed 

t h a t  t h e  ordered a l l o y  had been formed. 

The hyperf ine  magnetic f i e l d s  were determined by 

t h e  Time D i f f e r e n t i a l  Perturbed Angular Cor re l a t i on  

Technique (TDPAC). Measurement of t he  f i e l d  a t  Ru 

u t i l i z e d  t h e  decay of 16-day "Rh with  t h e  emission of 

two cascade gamma-rays of energy 354 keV and 90 keV 

through t h e  90 keV in termedia te  s t a t e  of h a l f - l i f e  20.7 

nsec,  s p i n  312 and the  magnetic moment -0.284 nm. The 

measurement of  t h e  f i e l d  a t  t he  Cd s i t e  u t i l i z e d  the  

decay of 2.8-day l l l1n having cascade gamma-rays of 

energy 173 keV and 247 keV through t h e  247 keV i n t e r -  

mediate s t a t e  of h a l f - l i f e  84 nsec ,sp in  512 and the  

magnetic moment of -0.7655 nm. The TDPAC s p e c t r a  were 

recorded using two NaI(T1) de t ec to r s  a t  180' wi th  RCA 

8575 photomul t ip l ie rs ,  a s tandard  slow-fast  coincidence 

system and Time t o  Amplitude conver ter  and a mult i-  

r i c  amounts of  r ad ioac t ive  rhodium metal  powder and Mn channel analyzer.  

and "Y" metal powders, sea led  i n  a qua r t z  tube i n  an The angular  c o r r e l a t i o n  funct ion  f o r  t he  randomly 



or iented  magnetic domains can be wr i t t en  a s  

W(8) = 1 + A2G2(t)P (cos 8) 

where G2(t) = (115) ( 1  + 2 cos w t  + 2 cos 2wt) 

and w = Larmor precession frequency = ~B/IF~.  

The experimental time spec t r a  were f i t t e d  wi th  t h e  

function 

N(t) = B(t)  + Cp exp (-At) W'(1800) 

where B(t)  = C1 + C 6 t  

~ ' ( 1 8 0 ~ )  = 1 + G2'(t)  

= 1 + C5 1 + 2 exp(-C7t) cos(C4t) 

+ 2 exp(-2 C7t) cos(2 C4t) 

t = (channel - Cg) 

The ti's a r e  t h e  7 ad jus t ab l e  cons tants  f i t t e d  by a 

Gauss-Newton non-linear least-squares technique. The 

r e s u l t s  a r e  presented i n  t h e  form of p l o t s  of t h e  

reduced d a t a  and t h e  f i t t e d  funct ion  A2G2'(t). 

The time s p e c t r a  f o r  9 9 ~ u  probe a t  t h e  Rh s i t e  

i n  Rh MnGe y i e l d  A2G2'(t) a r e  presented i n  Figure 1. 

The da t a  were recorded a t  77K, 293K and 355K. 

The time s p e c t r a  f o r  t h e  9 9 ~ u  probe a t  t h e  Rh 

s i t e  i n  Rh MnSn y i e l d  A2G2'(t)are presented i n  Figure 

2. The d a t a  were recorded a t  293K and 355K. 

The time s p e c t r a  f o r  t h e  9 9 ~ u  probe a t  t h e  Rh 

s i t e  i n  RhMnSb and PdMnSb give  A2G2'(t) a r e  presented 

i n  Figures 3 and 4. The d a t a  were f i t t e d  a t  

room temperature. 

The r e s u l t s  of t h e  hyperfine f i e l d  measurements 

made by us a r e  summarized i n  Table 1. 

exponential  damping of t h e  per turba t ion  is included 

t o  al low f o r  a pos s ib l e  Lorentzian spread i n  t he  *univers i ty  of Cincinnat i ,  Cinc innat i ,  OH 45221 

precession frequency. Af ter  removing from t h e  ex- t ~ i a m i  Universi ty,  Oxford, OH 45056 

perimental  time spectrum, t h e  f i t t e d  background, and **NASA-~ewis Research Center, Cleveland, OH 44135 

t h e  exponential  decay of t h e  in termedia te  s t a t e ,  t h e  

Table 1. 

Alloy 

Rh MnGe 

Rh MnSn 

RhMnSb 

PdMnSb 

Probe 

Ru 

S i t e  

Rh 

B(K Gauss) 

195 + 11 
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