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S u m m a r y .  - -  Resonance absorption of 57Fe 14.4 keV y-rays by Fo2_~Ge 
compounds is investigated. These compounds are ferromagnetic, and 
contain two kinds of iron atoms, at  whose nuclei induction is different. 
The separation of multiplets and the probability of M6ssbauer effect 
result to be dependent on the iron content of the compound and are 
measured for x in the range 0.5+0.3. The results are discussed and 
compared with evidence from X-ray diffraction, polarized-neutron dif- 
fraction, and magnetic measurements. 

1 .  - I n t r o d u c t i o n .  

The  s t ruc tu ra l  a nd  m a g n e t i c  p roper t i es  el  t he  Feo_~Ge b i n a r y  c o m p o u n d  
have  been  recen t ly  inves t iga ted  b y  a n u m b e r  of ut~thors (1.7) wi th  the  help 
of  X - r a y  and  polar ized n e u t r o n  di f f ract ion and  wi th  m e a s u r e m e n t s  of magne t i c  

suscept ib i l i ty  and  s a tu r a t i on  magne t i za t ion .  Some basic p roper t i es  of the  
c o m p o u n d  have  been  well establ ished,  like the  fac t  t h a t  its s t ruc tu re  is hexagona l ,  
B82 type ,  w i th  some d i s to r t ion  (6), t he  2(a) la t t ice  posi t ions be ing  occupied b y  
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i ron a toms and the  2(c) and 2(d) lat t ice posit ions being main ly  occupied b y  
g e r m a n i u m  and iron a toms,  respect ively.  The existence of fer romagnet ic  
order has also been established in a wide range  of x values (0 .1gxg0 .7 ) .  

However ,  evidence was found of several  compl ica ted s t ruc tura l  features  (1.4,8), 
which so fa r  p reven ted  a comple te  descript ion of the proper t ies  of the  com- 
pound.  The  above-ment ioned  s t ruc ture  (fl phase) seems to exist  only in the  
range of composit ions corresponding to the  ex t reme  formulas  Fel.sGe and 
Fel.TG e (4), a different hexagonal  s t ruc ture  hav ing  been ind iv idua ted  for 
0,5 < x < 0,7 th rough  measurements  of sa tu ra t ion  magne t iza t ion  and X - r a y  
diffraction, and  two phases  appear ing  to coexist for larger iron concentrat ions.  

Apa r t  f rom the  complex i ty  of the  s ta te  d iagram of the  system, i t  was con- 
cluded (3) tha t ,  whenever  the  iron concentra t ion is large, specimens containing 
iron precipi ta tes  are always obtained, so t h a t  compounds approx ima t ing  closely 
the  formula  Fe2Ge cannot  be prepared.  Prec ip i ta tes  are absent  in the fl phase  
(Fel.sGe- Fel.TGe) , and in this case the  s t ruc ture  seems to be character ized 
by  the presence of lat t ice vacancies in the  2(d) lat t ice positions. The existence 
of vacan t  lat t ice sites wi thin  the  compound,  toge ther  wi th  the fact  t h a t  two 
types  of iron a toms exist, wi th  different nearest  neighbours,  determines a not  
simple si tuation,  as far  as the  magnet ic  momen t s  of iron a toms are conce rned .  
The  existence of two different magne t ic  momen t s  was demons t ra ted  (3.6) wi th  
the  help of the  diffraction of polarized neutrons,  bu t  no informat ion is available 
as fa r  as the  dependence of the  magne t ic  momen t s  on the  composi t ion is 
concerned, as the  invest igat ions wi th  polarized neutrons  were res t r ic ted to the  
compounds  FeL76Ge (3) and  Fe~.67Ge (8). Moreover the  results r epor ted  in the  

4 
quoted  papers  are somewhat  contradictory,  the  magnet ic  momen t s  at  the iron 
a toms being 1.56/~B for the  a toms at  the  2(a) lat t ice points and 0.53~u B for 
the  a toms at  the  2(d) lat t ice points according to KATSVRAKI (3), while more  
recent ly  FORSYTH and BROWN (8) found t h a t  the  magnet ic  moment s  are equal  
to 1.4/~B and 1.9/~ B respectively.  The difference between the  composit ions 
of the  two inves t iga ted  specimens does not  look to account  for such a big dif- 
ference in the  results.  

As ~lso the  magnet ic  proper t ies  of the  Fe2_ Ge compounds  do not  seem 
comple te ly  established, i t  was considered worthwhile  to per form an investi-  
ga t ion  with  the  help of the  MSssbaner effect, wi th  the  main  purpose  of meas- 
uring the  induct ion a t  the  iron nuclei as a funct ion of the  iron content .  

2.  - E x p e r i m e n t a l  proeedure.  

The specimens used had  the following composit ions:  F%.~oGe , Fel.58Ge , 
Fel.6~Ge and  Fel~sGe. We restr ic ted ourselves to the  range  of iron content  
cor responding  to x between 0.5 and 0.3 because only in this range the  unper-  
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tu rbed  fi phase  seems to exist  certainly,  as it  is shown by  the absence of 
iron precipi ta tes  and by  the  smooth  dependence of bo th  Curie t e m p e r a t u r e  
and  sa tu ra t ion  magnet iza t ion  on the  iron content  (4). 

Specimens were p repared  b y  heat ing  t h e m  ixed h igh-pur i ty  iron and  ger- 
man ium powders at  800 °C and successively mel t ing  the  mix tures  in an  induc- 
t ion furnace in vaeuo.  The absence of precipi ta tes  was checked with  the  help 
of an X - r a y  diffractometer .  

The resonance absorpt ion measurements  were per formed at  room tem- 
perature ,  the  14A k e y  ~,-ray emi t te r  being a source of ~7Co diffused in copper, 
and the  ment ioned  compounds  being used as absorbers.  They  were in shape 

of layers about  35 mg/cm 2 thick.  
A pre l iminary  invest igat ion of the  shapes of the  absorpt ion  spec t ra  was 

carried out  with the help of an a l ready described (s) constant  acceleration 
electromagnet ic  t l~nsducer,  used in connection with  a mul t ichannel  pulse 
analyser .  Thus the most  convenient  lines for the  purpose  of a detai led analysis 
could be rap id ly  individuated;  successively the  inves t igat ion was res t r ic ted 
to a few absorpt ion  lines, as i t  will be discussed later,  and was pe r fo rmed  with 
the  help of a mechanical  veloci ty  selector. This appara tus  allowed a veloci ty  
resolution which was adequate  for the  purpose  of examining  a complex absorp- 
t ion spectrum,  which was charac te r ized  by  several, par t ia l ly  over lapping lines. 

The y - ray  detector  was a propor t iona l  counter  filled wi th  Xe  + CH~ a t  a tmo-  
spheric pressure.  

3.  - E x p e r i m e n t a l  r e s u l t s .  

Figure 1 shows a typica l  absorpt ion spect rum,  as obta ined with the  above-  
ment ioned  electromagnet ic  t ransducer :  wha t  is evident  is the  existence of a 
double sys tem of absorpt ion lines, corresponding to the  mul t ip le ts  which are 
associated with  the  two values of the induct ion a t  the  iron nuclei. I t  is also 
appa ren t  t h a t  in this ease the  veloci ty  resolution of the  appa ra tus  is not  suf- 
ficient to clearly separa te  the ma jo r i ty  of the  lines. However  such prel iminary 
measurements  allowed the  classi~eation of some lines, as fa r  as their  a t t r ibu t ion  
to the  above-ment ioned mul t ip le ts  was concerned: these lines are labelled 
with  ei ther  A or B in Fig. 1. Successively the  mechanical  veloci ty  selector 
was used and an accurate  analysis of the  ex t reme regions of the spec t rum was 
per formed:  two A type  and two B type  lines were included in these regions 
and could be sat isfactori ly resolved, t he r eby  allowing measuremen t s  of the  

inductions at  the  iron nuclei. 

(s) C~. ]~ABRI, E. G]~RMAGNOLI, M. MUSCI and V. SV~LTO: Phys. Rev., t38, A 178 
(1965). 
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Fig.  1. - T y p i c a l  ) [ 6 s s b a u e r  s p e c t r u m  (FeI,ssGe). 1 c h a n n e l  = 0.0472 mm/s .  

The two absorpt ion  lines (one of e i ther  type)  corresponding to the  ex t reme 
negat ive  velocities are given in Fig. 2; quite similar results were obta ined  f rom 
the measurements  per formed with  posi t ive velocities. I t  is immedia te ly  noticed 
tha.t the  shown absorpt ion  lines display a regular  dependence on the  iron content  

of the  specimens~ as far  as 
the areas below the  lines 25.5 r 
and  the  posit ions of the  lines i 
are concerned. The per t inent  25.0 t 
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TABLE I. -- Sumqnary o] experi~mental data,. 

A lines B lines 
Specimen Area Induction Ares Induction 

(orb. units) (kG) (~rb. units) (kG) 

F%.5oGe 
Fel.ssGe 
Fel,~Ge 
FeL.~sGe 

4.3 
11.3 
20.7 
26.5 

233 -4- 5 
236 -4- 5 
241 -! 5 
257 d- 15 

9.2 
10.7 

: 10.8 
10.1 

168 ~= 5 

184d= 5 
195 -- 5 
207 ± 10 

I t  seems convenient  to  conclude the  present  pa rag raph  b y  briefly summar iz ing  
the general  features of the  exper imenta l  results collected in Table I .  According 
to one of the  main  conclusions which were recalled in the  introduct ion,  if the  
composi t ion of the  considered compound is var ied  b y  adding more  and  more 
iron a toms,  init ially vacan t  la t t ice  sites a t  the  2(d) posit ions become gradual ly  
occupied by  iron a toms.  The whole explored range of composi t ion corresponds 
to a 36 % increase of iron concentra t ion in the  sublat t ice to which the  2(d) 
sites belong: an increase of the  p robab i l i ty  of resonance absorp t ion  of this  
order of magn i tude  would be expected  to a first approx imat ion ,  as self-absorp- 
t ion effects are not  i m p o r t a n t  wi th  the  adop ted  th in  specimens and  according 
to the  fact  t h a t  noneuriehed iron was used. The effect observed is much  
larger  t han  expected,  as far  as A type  lines are concerned, the areas under  the  
absorpt ion  peaks  increasing b y  a fac tor  6 or the reabou t  if the  iron content  of 
the  specimens is increased as indicated;  on the  cont rary ,  pra t iea l ly  no effect 
was observed on the  B type  lines. 

Such a s t r iking difference between the two types  of lines was not  observed 
as far  as the  values of induct ion a t  the iron nuclei is concerned; according to  
the  da ta  given in Table  I bo th  values increase similarly if the  iron content  is 
increased, the  B/A rat io  being 0.72 d= 0.03 for the  Fel.5oGe specimen and  
0 . 8 1 ~  0,05 for the  Fe16sGe specimen. I t  can be concluded t h a t  such ra t io  is 
e i ther  constant  within exper imenta l  errors or slowly and regular ly  increasing 
with  increasing iron content .  

F r o m  an inspection of bo th  complete  and par t i a l  M6ssbauer  spect ra  which 
were obtained,  i t  is concluded t h a t  they  are near ly  symmet r ica l  wi th  respect  
to the zero velocity.  The isomeric shifts, re lat ive to iron metal ,  were measured  
and found small and  posi t ive for bo th  mul t ip le ts :  t hey  are abou t  0.10 m m / s  for 
the  A lines and  abou t  0.15 m m / s  for the  B lines. 

4 .  - C o n c l u s i o n s .  

As ment ioned in the  In t roduc t ion ,  the  magnet ic  moment s  were de termined 
and a t t r ibu ted  to  the  iron a toms belonging to the  two sublat t ices wi th  the  help 
of diffraction measurements  wi th  polar ized neutrons.  The conclusions of the  
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authors quoted (3.6) were not in agreement:  KATSURAK/ (3) found tha t  the 

magnetic moment  on the iron atoms at the 2(a) lattice sites (Fe~) was equal 

to 1.56/% while the magnetic  moment  on the iron atoms at the 2(d) sites (Fell) 
was only 0.53 #s. Conversely, the magnetic  moments  were ] .4 /~B (Fe~) and 
1.9 ju B (Fe~) according to FORSYT~ and BROWN Is). The present results do 

not indicate the big difference between the two magnetic moments  which was 
found by  KATSURAKI and suggest fur thermoret  ha t  the M5ssbauer multiplet  pre- 

viously labelled with A should be a t t r ibuted to the Fe H sublattice, and tha t  
the B multiplet  should be a t t r ibuted  to the Fe r sublattiee. 

The bases for such at t r ibut ions are essentially the following: 

a) The ratio between the values of the magnetic  moments  on the iron 

atoms is 1.36 d=_ 0.12 according to FORSYTH and BRow~, which is consistent 
within experimental errors with the ratio between the induction values resulting 

from the present paper  for the Fe16sGe compound (the measurements  by 
FORSYTn and BRow~ were carried out with a Fe~.67Ge crystal). Actual ly:  

A 257 ± 15 
- -  - -  1 . 2 4  : : k  0 . 1 0  . 

B 207 :J: 10 

For  this comparison proport ional i ty  is assumed, at  least to a first approxi- 
mation, between induction at the iron nuclei and magnetic  moments  ou the 
iron ~toms. The same ratio as before is found if the data  concerning the 
Fel05Ge compound are used. 

b) The areas below the B lines are little dependent on the iron content,  
which is consistent with the fact t ha t  the Fe~ sublattice is completely occupied 

by  iron atoms at any iron concentration in the investigated range. 

The A lines corresponding to the extreme velocity intervals, like those 
shown in Fig. 2, look markedly  asymmetr ical  and suggest some splitting. 

Though this effect was not investigated in any detail, it  is worth-while to point  
out t ha t  a similar fact was noticed by  STEA~ (~) in the case of iron-rich FeSi, 

FeA1, Fe)/[n, FeV alloys. A detailed interpreta t ion was given by  the quoted 
author  in terms of indirect interaction energy via the 4s conduction electrons 

of the iron atoms:  this fact  was evident in the diluted Fe alloys in which the 
solute atoms behave in a localized manner  and do not alter the atomic struc- 
ture of the matrix.  The occurrence of a similar si tuation for the F%_~Ge com- 

pound would imply tha t  the number  of 3d-electrons is in the present case nearly 
unchanged with respect to the case of metallic iron. This is consistent with 
the fact  tha t  the observed isomeric shift is very  near to the one measured with 
metallic iron and is an argument  in favour  of a relevantly metallic character  
of the bonds involved in the Fe H sublattice. 

(9) ]~I. B. STEARNS: Journ. Appl. Phys., 36, 913 (1965). 
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A partial  covalency of such bonds, as concluded by  KA~EMATSU (lo)~ 
cannot  be however excluded, mainly due to the fact  t h a t  the  rat io between 
the induct ion at the iron nuclei and the magnetic  moment  on the iron atoms 

is for the Fe~i sublattice somewhat  lower than  the one found for metallic iron, 
while no departure from the linear dependence given by K o c m ~  and 
:BRow~" (Xl) is noticed in the case of the Fe~ sublattice, for which Fe-Fe bonds 

display certainly a metallic character.  

The dependence of the induction on the iron content  we just  found is in 
good agreement with the findings by  KA~E~A~SU (4) from measurements  of 
saturation magnetization.  I n  the interval  of compositions explored in the 
present p~per, the  relative incxease of s~tui'~tion m~gnetiz~tion is about  16 ~/o 
which is intermediate between the relative increases of the induction at  the 

iron nuclei for the Fe~ (23 %) ~nd for the  Fe~ (11%) sublattices. The essential 
proport ional i ty  between the inductions at  the Fe~ and l~e H nuclei would seem 
to be an argument  in favour  of a nonnegligible superexchange interact ion be- 

tween the two sublattices. Such Fe-Fe interaction via the germaninm atoms 

was considered by  Y~su](ocH~ et al. (~). 
Concerning the observed dependence on iron content  of the probabil i ty of 

MSssbauer effect in the Fe~ sublattice, no precise comment  can be made at 
the present time. A ra ther  obvious argument  is tha t  the ~ddition of iron atoms 

into vacant  lattice sites results in an effective stiffening of the atomic bonds, 
thereby increasing the  <( MSssbauer t empera tu re  ~>, but  it looks impossible to 

develop ~ny quant i ta t ive  consideration on this point. 
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RIASSUB~TO 

Vengono es~min~o 1~ c~rn~t6ristiche d~llo 8pet$ro di assorbimento in rison~nza. 
per i ~, da 14.4 key dol 57Fe d~ parte di compos~i del tipo F%_~Ge, con x compreso nel- 
l'in~orvallo ?~r~ 0.3 e 0.5. Detti composti sono ferromagnetici e sono c~ratterizz~¢i da 
duo tipi di atomi di ferro, per i quali l'induziono 81 nucleo ~ differente. La separazione 
d~i multiple~ti e la probabilit~ dell'offetto YISssbauer risultano dipendenti dal aontenuto 
in forro del composto. I risultati sono discussi e eonfrontati con quelli rieavati mediante 
diffraziono dei raggi X, diffraT.iono neuCroniea e misure di magnetizzazione. 


