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Generally reported impurity-host force constant ratios ate ambiguous as anharmonic 
effects are not accounted for. Using anharmonic theory for highly dilute Sn in Pd we find ah �9 t 
impurity-host to host-host force constant ratlo Att(aeff)/Al.l(a ) = 1.69 ~ 0,03. 

1. lntroduction 

Various simplified impur i ty  lat t ice models have been used in the lite- 
ra ture  to obtain effective hos t - impur i ty  force eonstant  ratios,  A ' q  f rom 
MSssbauer f ract ion and thermal  shift measurements  in highly dilute alloys. 
Recent ly  LAI~DUYT et al [1] measured the  t empera tu re  dependence of the 
MSssbauer effect in 119Sn nuclei in Pd0.99 Sn0.01. They  used impur i ty  theory  
[2, 3] and phonon f requency  spect rum G(o~) [4] of Pd  to analyse their  experi- 
menta l  data.  The forces between the Sn impur i ty  and Pd host  were repor ted  
to be s tronger re la t ive to the P d - - P d  coupling. On the other  hand,  similar 
MSssbauer measurements  of P u m  and GUPTX [5] bu t  analysed b y  using a 
Debye spect rum of Pd  and MAI~NItEIM'S theory  [3] yield exac t ly  opposite 
results. Fur ther ,  GLOSS and SHUKLA [6] have pointed out  t h a t  O-T curves 
of Pd  exhibir  a t rend  to rise up fur ther  at  higher t empera tu res  indicat ing t h a t  
lat t ice anharmonic i ty  must  account  for an unambiguous  de te rmina t ion  of 
A ' / A .  MARADUDIN and FLINN [7] have shown tha t  the anharmonie  eontri-  
but ion  to the mean squared displaeement  of an impur i ty  is given as 

<x2>r = <x2>~(1 + e T ) ,  (1) 

where <x2>~ is assumed to correspond to the  value as predicted by  the harmonic  
theory.  MA•NttEIM'S theory  [2, 3] gives good agreement  with the exper imenta l  
da ta  over a wide t empera tu re  range, ir we make a f i t  involving both  the 
force constant  rat io A ' / A  as well as the anharmonic i ty  pa rame te r  ~ from Eq. (1). 
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This is what  LANDUYT et al [1] have done. However, force constant  ratios 
A'q so obtained remain ambiguous because e, and also the co-fi t ted value 
A' /A,  contains aH unspecified admixture of various effects of tempera ture  
in the pure host, together wi th  those of the impuri ty-host  lattice interaction,  
as well as possible relaxation effects due to the introduct ion of the impuri ty .  
COHEN et al [8] have shown tha t  for host  systems where neutron da ta  are 
available at different temperatures  Ti, it is possible to obtain aH unambigously  
def ined impuri ty-host  force constant  ratio. 

2. Impuri ty dynamic response function G'(r and the inverse ratio A/A" 

Fo[lowing COHEn et al [8] let us denote a harmonic force constant  
by  AH(a ) a n d a  " rea l "  of "ef fec t ive"  force constant  by  Aef f (T). The definit ion 
of AH(a ) in terms of the second derivative of the potential  for a cubic latt ice 
[2, 3] is 

AH(a ) ~-- /l~x(0, 0) = --  ~ ,  Ax~(0 , l) ,  (2) 
l r  

where l stands for the latt ice sites and a is the latt ice constant  a t a  given tem- 
perature  T. Though the summat ion  in Eq. (2) extends to nearest neighbours 
only, the parameter  Axx(0,0 ) is unambiguou~ly defined a s a  sum over all atoms 
in the crystal.  As MA~r~rtEIM has pointed out  [3] the assumed proport ional i ty  
between A n(a) and coma X2 in the theoretical  expressions for <X2>T and <v2>r 
for the atom at the origin is strictly true if  the interactions are l imited to 
nearest  neighbours: it must  be modified, ir more dis tant  neighbours ate includ- 
ed. The force constant  /lxx (0,0), however is uniquely  defined for any  latt ice 
model,  including nth-neighbour interactions, f rom which G(~o) has been obtain- 
ed. Therefore, the actual  value of A~~ (0,0) for the host should be used in 
the theoretical  expressions, ra ther  than  1/2Mo~~max for the evaluat ion of 
the dynamic  response funct ion G'(o~) of the impur i ty  [2, 3, 9] 

wi th  

(1 ~~ 
<x~> T __ h ~o m - l c ~  G'(co) dw 

2M'  \ -~BT-]  

[ 
G'(oJ) = (M/M')  G(o~) [[1 -4- ~(oJ)S(o~)] 2 + 

+ ~to~G(oJ) ~(o~) 4:- ~(~o -- COL)(M/M" ) • 

x {q~(w)T(~o) A- (M/M')  - -  [1 + q(o~)]~) -1,  

(3a) 

(3b) 
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where 

~(o)) = M / M ' - -  1 -~- o)2(M/A)(1 --  ALA') , (3c) 

S(co) = P f  o~'2(o) '2 - -  o) z) -1G (~')  do)', (3d) 

T(o)) = co4(o) '2 - -  o) 2)-2 G(o)') do) ' ,  (3e) 

and 6(co --  o)L) is the  Dirac ~ funct ion at the loealised mode f requency o<, 
provided a localized mode exists. In Eq.  (3c), A - Axx (0, 0) as defined by  
Eq.  (2) and A '  : A~x (0.0) ,  the impur i ty -hos t  force constant ,  is defined in 
a similar way,  wi th  the … located at the origin and the sum over 1 
restr icted to nearest  neighbours.  

Lat t iee  expansion effeets can be included in A~(a),  and in Aeff(T ) we 
include any other  harmonie effects. Following similar reasoning as for the 
mean-squared displacement  [Eq. (1)], ir is therefore  physical ly  appr, ,priate  
to relate these effects to the force constants  in the following manner;  

Aeff(T) = AH(a) (1 - -  eh T ) ,  (4a) 

where e ¡ now describes the combined anharmonic  cont r ibut ions  to the fl~rce 
constants  [Eq.  (2)] in the host.  

Similarly when the impur i ty  is in t roduced  into the latt ice one m ay  

write 
A› = A… --  el- T ) .  (ab) 

In  this equat ion the primes denote  the changed values of the force constant  
and e~ stands for the  anharmonic  pa rame te r  in the presence lo the impur i ty .  
The inverse force constant  rat io A/A"  [Eq. (3c)] appearing in MANNHEIM'S 

T /A" T �9 therefore,  write impur i ty  theory  [2, 3] is the ratio Aeff ( )~ eff( ) '  w e  

A~ff( )) _ AH(a ) (1 --  % T) (5) 

A~ff(T) A'H(ae~f) (1 - -  ~, T) 

I t  is known [6] tha t  typical  anharmonic i ty  parameters  aro of the order 
10 -4 K -1, so t ha t  we can safely expand the denominator  in Eq.  (5) to ~~t 

Aeff(T) __ AH(a) [1 -k (e~ --  eh) T +  0 (~z eh)]. (6) 
A› A'n(aeff) 

3. Application to Pd0.99 Sn0.01 system 

In  Fig. 1 we show values of Aeff(T)q233 ) for Pd(,.99 Snt,.o 1 system at 
several tempera tures .  These were computed  by  f i t t ing exper imenta l  \ a lues  
[1] of (X2>T for 119Sn to the theoret ical  expression Eq.  (3). The neu t ron  deter- 
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mined  densi ty  of  s ta te  for Pd  at  120K and a t  296 K was t a k e n  f rom the 

work of MXLLER and BROCKrIOUSE [4]. 
Our value of the  mass-weighted  force cons tan t  i.e. A/M for Pd  comes 

out  to  be 8.28 X 1026 rad 2 sec-2. This value was used in f i t t ing  of Eq.  (3) to the 

M~ssbauer  f m e a s u r e m e n t s  [1]. We did include the  corresponding m a x i m u m  
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Fig. 1. Effective host-host to impurity-host force constant ratio from Eq. (6) for Pd0.99 Sn0. o 
asa  function of temperature. The broken lines (a) and (b) result from fitting a wide temperature 
range off-values using G(w) at 120K and 296K, respectively. The solid line (c) is obtained by 
fitting the f-values only for those temperatures Ti at which each C~o(Ti) was determined, 

i.e. 120 and 296K. The best value of AlA' is the O--K intercept. 

f requencies of G(~),  the  f requency  of the  localised mode,  and  the  fract ion of 

p h o n o n  s tates  in the  localised mode.  
Each  of the  two b roken  lines (a) and (b) in Fig. 1 represent  the  results  

of  a t t e m p t i n g  to f i t  <~2>T values a t  var ious  t e m p e r a t u r e s  using a f ixed  phonon  
dens i ty  of s ta te  [4] G(O~)T ., measured  a t a  single t e m p e r a t u r e  T0[(a)T 0 ---- 120 K 

and  (b) T o = 296 K].  
The solid line (c) in Fig. 1, on the o ther  hand ,  is ob ta ined  b y  f i t t ing  each 

value  of <X2>T, using a G(o~)Ÿ de te rmined  f rom neu t ron  sca t te r ing  work  at  

t h a t  par t icu lar  t e m p e r a t u r e  T i. The slope of the  solid tine gives A~ --~ t t - -  % = 
-= (1.8 • 0 .02 ) •  -4 K -1 and its 0-K in te rcep t  gives AH(a)q ~ (aeff)~- 
= 0.59 • 0.01 or A'q = 1.69 • 0.03. This  resul t  is cons iderably  different  
f rom the f inding of PuR~ and GUPTA [4], where in  t hey  combined  a Debye  
spec t rum with MAr~N~EXM'S theo ry  and  neglected the  anha rmon ic  effects. 
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4. Discussion 

We present here arguments as to why the preceding method of analysis 
of force constant evaluation is really meaningful. 

On examining Eq. (6), one finds that  the ratio Aeft(T)q233 which 
is obtained from a fit  to the experimental data [1] at various temperatures gives 
only the difference in anharmonicity i.e. ~i -- % = 3e between the pure and 
impure systems. The signifieance of the solid line lies in the fact that  its slope 
is a measure of this difference. Presently neutron data for Pd host is available 
only at two temperatures, therefore, any other point is not aseertained to 
make the solid line in Fig.1 look more meaningful. Moreover, in systems where 
the quanti ty An(a)/A~(aeff) [Eq. [611 can be obtained from ah extrapolation 
to T = 0 of the fi t ted parameters Aeff(T)q233 ), the former force constant 
ratio has now an unambiguous meaning within the framework of any harmo- 
nic lattice model. I t  is also clear that  in the absence of data on anharmonicity 
in the pure crystal, precision recoilless fraction measurements can yield infor- 
mation about the difference ~ i -  % ~-LI~ between the impure system and 
the host lattice. 

The reason as to why our value of A/A' falla in the range reported by 
LA~DUYT et al (0.60 ~ 0.10) lies in the fact that  the system may well be 
anharmonic, but ir Ac is small, this difference may not show up in the force- 
constant ratio A/A'  evaluated at different temperatures. In fact such a case 
has also been observed for 57Fe impurity in Pd host [8]. Rather it needs to 
be emphasized tha t  the suggested procedure of using the phonon frequency 
distribution G(~)T evaluated at the same temperature for which the Mi~ssbauer 
impurity measurement is made, greatly reduces the temperature variation in 
the predicted force constant ratios. The force constant ratios so obtained have 
a more clearly defined physical significance and their changes with temperature 
truly reflect differences in behaviour between the host impurity and host- 
host systems. 

We conclude that  further improvement in the reliability of reported 
value(s) of force constant ratios could result if additional low-temperature 
neutron-dispersion studies in several host metals in which anharmonic effects 
presently contribute to uncertainities are made. On the other hand preeision 
MiSssbauer measurements could alao remove certain inconaistencies in the 
impurity data. 
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