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CONFERENCES AND SYMPOSIA PACS numbers: 01.10.Fv 

Scientific session of the Division of General Physics 
and Astronomy of the Russian Academy 
of Sciences (26 January 1994) 

A scientific session of the Genera l Physics and A s t r o n o m y 
Division of the Russ ian A c a d e m y of Sciences was held in 
the P L Kap i t za Inst i tute of Physics Prob lems on 26 
J a n u a r y 1994. T w o papers were presented: 

(1) S M Klotsman "Loca l s t ructures , and diffusion, 
dynamic , and electronic proper t ies of interface cores and 
adjoining regions of crystall i tes"; 

(2) V V Ustinov " G i a n t magnetores is tance effect in 
metall ic super la t t ices ." 

A n abr idged version of the first pape r is given below. 

PACS numbers: 68.35.Bs; 68.35.Fx; 73.20.At 

Local structures, and diffusion, 
dynamic, and electronic properties of 
interface cores and adjoining regions 
of crystallites 
S M K l o t s m a n 

The relative vo lume of the interface cores in the usual 
poly crystalline samples does no t exceed 10~ 4 and the 
cor responding vo lume of the dis locat ion cores is 10 ~ 8 . In 
view of the correspondingly low densities of the specific 
states associated with the cores of these defects, informa
t ion on the proper t ies of the cores can be obta ined only 
unde r exceptional c i rcumstances. The specific states local
ised in the dis locat ion cores or at interfaces can be 
investigated by a m e t h o d p roposed by the present 
a u t h o r [1], in which use is m a d e of: 

(i) the atomic probes capable of providing spectral 
in format ion on the states which are filled by the a tomic 
p robes when they are in t roduced by diffusion in to the 
investigated system; the M o s s b a u e r nuclei used as the 
a tomic probes provide such informat ion; 

(ii) the ionic superconductivity of the dislocation and 
interface cores for selective filling of the posi t ions in the 
cores of such defects; the ionic superconduct ivi ty means 
tha t , at t empera tures at which mater ia ls are normal ly used 
(not exceeding 0 . 2 r m p , where Tmp is the melt ing poin t ) , the 
diffusion coefficient in the dis locat ion and interface cores is 
ten orders of magn i tude higher t h a n the diffusion coef
ficient in the lattice. 

The emission nuclear g a m m a resonances ( N G R ) or 
M o s s b a u e r spec t rum is measured after in t roduc t ion of 
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5 7 C o a tomic p robes by anneal ing a polycrystal l ine sample. 
The ionic superconduct ivi ty state usually results in a 
complex popu la t ion of the a tomic-probe states in the 
core of a defect and in the adjoining pa r t s of the lattice. 
The occupied a tomic-probe states in the lattice of crystal
lites (grains) act as an internal s t anda rd [2] which can be 
used to cal ibrate the u n k n o w n proper t ies of the defects. The 
m e t h o d is universal because it is based on the c o m m o n 
occurrence of the ionic superconduct ivi ty of the cores of 
s t ructure defects. 

Fig. 1 shows examples of the N G R (Mossbauer ) spectra 
obta ined for polycrystal l ine mater ia ls . A n increase in the 
anneal ing t empera tu re reduces the area unde r one line unti l 
it vanishes at high tempera tures . This c o m p o n e n t of the 
M o s s b a u e r spectra d isappear ing at high tempera tures is due 
to the a tomic p robes localised in the interface cores of 
crystallites. Fig. 2 shows typical popu la t ion curves of two 
types of states as a function of the reciprocal £ of the of 
anneal ing t empera tu re [3]. A t high tempera tures (near the 
intersect ion poin t £ I P ) the popu la t ions of the states vary in 
full agreement with the phenomenolog ica l descript ion of the 
ionic superconduct ivi ty in a polycrystal l ine sample. The 
possibility of de te rmina t ion of the relative concent ra t ion of 
the a tomic probes (or of the popu la t ions of the states) in the 
interface cores and in the adjoining regions of the lattice has 
led to the development of a m e t h o d for separate determi
na t ion of the diffusion coefficients of these regions in a 
crystal and of the wid th of the interface core [4] (a t tempts to 
do this have been unsuccessful for several decades) . As a 
consequence, a new mechan i sm of ' pumping ou t ' of the 
a tomic p robes from the interface cores has been discovered: 
it is due to the appea rance of v a c a n c y - i m p u r i t y complexes 
near the interface cores. 

Table 1 gives the differences d2\ = S2 - Si (mm s - 1 ) of 
the isomeric shifts of the states 2 and 1 in the intrinsic 
limit [5] of the investigated m o n a t o m i c metals . In the 
major i ty of the mater ia ls in which the 5 7 C o a tomic probes 
are small-radius impuri t ies the difference S2\ is posit ive. 

This general t rend is due to the compress ion of the 
a tomic p robes in the interface cores. The positive difference 
between the isomeric shifts 52\ in such systems is due to an 
increase in the density of the intrinsic s electrons at the 
nuclei in the a tomic p robes . This state of the a tomic p robes 
m a y be reached under n o r m a l condi t ions only if the p robes 
are at intersti t ial posi t ions of the interfaces and the vo lume 
of these interstices is na tura l ly less t h a n the vo lume of an 
a tomic p robe . However , in the mater ia ls in which the 5 7 C o 
a tomic p robes are no t small-radius impuri t ies , for example 
in Cr and in n -Fe [6], the cobal t can no longer occupy the 
intersti t ial posi t ions in the core of a defect. Then only 
because of the absence of vo lume changes the isomeric shift 
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Figure 1. Nuclear gamma resonance (Mossbauer) spectra of poly
crystalline Pt after annealing at various temperatures, rann-

52 is governed by the density of the s conduc t ion electrons 
in the interface core [7]. The density of the conduc t ion 
electrons in the interface cores of 3d mater ia ls is thus less 
t h a n in a regular lattice. 

T w o different posi t ions , subst i tu t ional and interstit ial , 
m a y be occupied in the s t ructure of the interface cores of 
crystallites. However , the energy pa ramete r s of the ionic 
superconduct ivi ty of any a tomic p robes are practically 
indist inguishable within the structure-defect cores in a given 
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Figure 2. Occupancy of the states 1 ( 7 ) and 2 ( 2 ) filled by the atomic 
probes in palladium after annealing at various temperatures. 

mater ia l . F o r example, in the case of tungsten the p a r a m 
eters of the ionic superconduct ivi ty of 1 8 l W and 5 7 C o are 
simply identical for the same homologica l t empera
tures [8, 9]. This means tha t the diffusion in a defect 
core represents collective m o t i o n which smooths out the 
individual features of the a tomic p robes employed. 

The dynamica l proper t ies of the local env i ronment of 
the a tomic p robes can be determined on the basis of the 
dependence of the probabil i ty of a nuclear g a m m a resonance 
( N G R ) or of the area At of a componen t of the N G R 
(Mossbauer) spectrum on the measurement t empera ture 
r m e a s . It is evident from Fig. 3 tha t the N G R probabi l i ty 
increases as a result of cooling, as expected, bu t this happens 
in a limited range of r m e a s . Below a certain value of r m e a s the 
N G R probabi l i ty falls in the case of pal ladium, p la t inum, 
rhod ium, and ir idium. Before discussing this ' anomaly ' we 
shall consider the dynamical propert ies of the states labelled 
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Figure 3. Dependence of the area under the component 1 of the N G R 
spectrum on the measurement temperature. 

Table 1. 

V Cr n-Fe N b M o Rh Pd Ta W Ir Pt Au 

+0.2 - 0 . 2 - 0 . 1 +0.7 +0.7 +0.2 +0.1 +0.4 +0.5 +0.25 +0.10 +0.4 



Conferences and symposia 423 

2, which are localised in the defect cores. The Debye 
tempera ture of these states is 1 .5 -2 times less t h a n of 
the states labelled 1. This result can help in the under
s tanding of the na tu re of the ionic superconduct ivi ty of the 
dislocation and interface cores. 

Let us consider again the again the ' a n o m a l o u s ' behav
iour of the N G R probabil i t ies at low measuremen t 
t empera tures . Fig. 4 shows an N G R spect rum obta ined 
for Pt (the absorber velocity scale is compressed) . A t 5.5 K 
a characteris t ic sextet of lines is resolved: it indicates 
magnet ic splitting of the nuclear levels of the a tomic probes . 
The observed ' a n o m a l o u s ' fall of the N G R probabi l i ty 
observed at low tempera- tures is therefore due to a 
magnet ic phase t rans i t ion in the regions of localisation 
of the a tomic p robes . The intensity is simply transferred 
from a n a r r o w window used to ensure a high resolut ion of 
the N G R spectra (measured at 297 and 179 K) to the range 
of high absorber velocities, which is responsible for the 
anoma ly of the dependences \nAt(T). The tempera tures of 
the onset of this magnet ic t rans i t ion are different for the 
defect cores and the bulk of crystallites (Fig. 5): these 
tempera tures fall and a p p r o a c h one ano the r as the pur i ty 
of the mater ia l is increased. However , the magnet ic t ran
sition does no t d i sappear even in very pure Pd and Pt . These 
results are suppor ted by recent theoret ical [10] and exper
imental [11] invest igations of the clusters of 4d t rans i t ion 
metals . Obviously the magnet ic phase t ransi t ions discovered 
by the present a u t h o r in two-dimensional regions of the 
interface cores and the adjoining par t s of crystallites are due 
to the same reasons as those occurr ing in the clusters of 4d 
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Figure 4. Nuclear gamma resonance spectra of Pt, plotted on different 
scales of the absorber velocity and recorded at different temperatures. 
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Figure 5. Dependences of the areas under the components 1(1) and 
2 ( 2 ) of the N G R spectra on the measurement temperature. 

metals : a considerable na r rowing of the d b a n d and the 
appearance of sharp electron density peaks near the Fe rmi 
surface. It is evident from Fig. 3 tha t the t empera tu re of the 
onset of the magnet ic t ransi t ions in an interface core is half 
tha t in the par t s of the lattice adjoining the core. The 
presence of a magnetical ly active impur i ty in a cluster [10] 
masks the change in the density of states due to a change in 
the cluster symmetry. Consequent ly , in our system con
taining such magnet ical ly active impuri t ies we can also 
employ the k n o w n [12] dependence of the magnet ic t ran
sition t empera tu re on the concent ra t ion of these impuri t ies 
and on the density of the conduc t ion electrons in exchange-
enhanced magnet ic mater ia ls : Tc oc CMp^n1^, where C M A I is 
a concent ra t ion of the magnet ical ly active impur i ty and n is 
the conduc t ion electron density. This re la t ionship and our 
result T2 < Tx implies tha t n2 < «i, i.e. the average density 
of the conduc t ion electrons in the interface cores is less t h a n 
in the a r ray of regions where magnet ic phase t ransi t ions 
have been observed. A similar conclusion follows from the 
sign of the differences S2\ for the 3d metals Cr and Fe in 
which the a tomic p robes occupy intersti t ial posi t ions in the 
interface cores. Consequent ly , the observed low density of 
the conduc t ion electrons in the cores of defects encountered 
in 3d, 4d, and 5d t rans i t ion metals is a c o m m o n proper ty of 
the cores of these s t ructure elements in m o n a t o m i c metals . 

W e have considered so far the intrinsic proper t ies of the 
interface cores and of the adjoining regions of the lattice. A t 
low tempera tures near the interfaces the intersti t ial 
impuri t ies give rise to segregation of vacancy - impur i ty 
complexes. Subst i tu t ional impuri t ies (including vacancies) 
influence relatively weakly the pa ramete r s of the N G R 
spectra [13]. Therefore, in the first approx imat ion , the 
influence of the ma in c o m p o n e n t (which is the intersti t ial 
impuri ty) of the vacancy - impur i ty complexes is manifested 
in the N G R spectra. Since the intersti t ial impuri t ies increase 
the lattice pa ramete r , it follows tha t the subst i tu t ional 
a tomic p robes which reach the ' pumping ou t ' zone con
taining v a c a n c y - i m p u r i t y complexes become localised at 
sites character ised by an increased a tomic volume. This 
reduces the density of the intrinsic s electrons at the nuclei 
of the a tomic p robes and also reduces the isomeric shifts of 
5 7 C o in the emission N G R spectra. It is evident from Fig. 6 
tha t the isomeric shift Si does indeed decrease from the 
intrinsic to the m i n i m u m steady-state value, which is 
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Figure 6. Dependences of the isomeric shifts of the component 1 ( 7 ) and 
2 ( 2 ) on the temperature of annealing of Pt. 

measured unde r condi t ions cor responding to a s teady-sate 
compos i t ion of the aggregates in the form of vacancy -
impur i ty complexes. The states labelled 2 differ quali tat ively 
from the subst i tu t ional posi t ions in the ' pumping out ' zone, 
since they are intersti t ial posi t ions in the s t ructure of the 
interface cores. Therefore, their response to segregation of 
these complexes is different: the isomeric shift of the states 
labelled 2 increases with increase in the concent ra t ion of the 
complexes when the anneal ing t empera tu re is lowered. This 
is due to the fact tha t in intersti t ial solid solut ions a region 
appears a r o u n d each intersti t ial impur i ty where the vo lume 
of the interstice is less t han in the pure mater ia l . The small-
radius a tomic p robes experience at such interstices a 
pressure which increases on reduct ion in the interstice 
vo lume and on increase in the concent ra t ion of the 
v a c a n c y - i m p u r i t y complexes. Therefore, the isomeric shifts 
of such modified states 2 increase as a result of cooling, 
falling from the intrinsic to the s teady-state values, the lat ter 
being associated with sa tura t ion of the concent ra t ion of the 
complexes. Fig. 7 shows the Ar rhen ius dependences of the 
isomeric shifts of the componen t s of the N G R spectra 
obta ined for polycyrstal l ine Au . W e can see tha t in the 
' pumping ou t ' zone in A u there are no aggregates in the 
form of v a c a n c y - i m p u r i t y complexes, bu t in the interface 

cores the s i tuat ion is the same as in simple metals tha t 
readily dissolve intersti t ial impuri t ies . The linear pa r t s of 
the dependences in Fig. 7 can be used to find the b inding 
energies of these complexes in the region of localisation of 
the cor responding state: in Pd, Pt , and A u this energy is 
equal to the b inding energy of the componen t s in the 
vacancy - impur i ty complexes. 

Studies of mater ia ls of pract ical impor tance have m a d e 
it possible to identify the origin of the un ique proper t ies of 
nanomate r ia l s p roduced by the vapour -condensa t ion tech
nology [14]. It has been found tha t 

(i) the s t ructure and the proper t ies of the interfaces in 
such mater ia ls are independent of the crystallite (grain) size; 

(ii) the bulk proper t ies of the crystallites in such 
nanocrys ta ls are very sensitive to their fabricat ion technol
ogy; 

(hi) the un ique macroscopic proper t ies of nanocrys ta l -
line mater ia ls represent simply a manifes ta t ion of the 
l i t t le-known proper t ies of the cores of one-dimensional 
and two-dimensional defects whose volumes in these 
mater ia ls are comparab le with the crystallite volume. 
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Figure 7. Arrhenius dependences of the isomeric shifts of the compo
nents 1 ( 7 ) and 2 ( 2 ) . 


