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Introduction
Diffusing interstitials in metal-hydrogen systems
give rise to fluctuating lattice strains. The
resulting motion of the metal atoms resembles
diffusion within a cage, with a jump rate that
reflects the jump rate of the neighbouring
hydrogen atoms. When a Mossbauer atom
executes such a cage motion, the coherence of the
emission or absorption process of y-rays is partly
destroyed. This leads to the appearance of a
quasielastic line in the Mossbauer spectrum [1].
The width of this line increases with the jump
rate, while the fraction of the Mdssbauer spectrum
that is subject to the quasielastic broadening
increases with the magnitude of the displacements
of the Mossbauer atom. When the diffusion is
very slow at low temperatures, the broadening
vanishes and the whole spectrum becomes elastic.
At high temperatures, in the limit of fast diffusion,
the quasielastic line becomes so broad that it can
no longer be distinguished from the nonresonant
background. What then remains is the truly elastic
fraction of the Mdssbauer spectrum, which
remains narrow even in the case of fast diffusion.
The existence of a truly elastic fraction is typical
of diffusion of the Maossbauer atom within a
limited region of space. When the Mdssbauer
atom diffuses freely through the lattice, the whole
spectrum broadens and eventually disappears [2].
Quasielastic Mossbauer absorption  has
mainly been observed in proteins (see, e. g., ref.
[3]) and in metal-hydrogen systems [4—14]. In
most of the experiments on hydrides, the existence
of the quasielastic line has been deduced
indirectly from the drop of intensity that ensues
when the quasielastic line merges into the
background. Only for S"Fe in NbHy 75 [9,13] and in
VDggs [10] has the broad line so far been
observed directly by measuring spectra in a
sufficiently wide velocity range and with the
statistical accuracy needed when the intensity of
the quasielastic line is smeared out over a wide
velocity region.
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Results and discussion

We now report on the direct observation of the
quasielastic Mossbauer absorption line of *’Fe in
NbDy 76 These experiments were undertaken in a
search for isotope effects in the diffusion rates and
displacements of the iron solutes in the Nb-H and
Nb-D systems.
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Fig. 1. Temperature dependence of the mean time
of residence between cage jumps of the iron probes
in NbHg7s (open symbols) and in NbDy7s (full
symbols). The Arrhenius lines fitted to the data
correspond to the parameters listed in Table 1.

The quasielastic Maossbauer absorption in
NbHy 75 and NbDg 76 has been studied with dilute,
substitutional *’Fe probes. The quasielastic line can
be observed within the region of the P-phases
between about 260 K and 340 K. The spectra were
evaluated on the basis of a model in which only
nearest hydrogen neighbours are assumed to
contribute to the displacements and hyperfine
interactions of the Mossbauer atoms. This yields
values for the displacements u; caused by a single
nearest interstitial, and for the mean times of
residence Tg. of the Maossbauer probes between
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diffusion-induced cage jumps. The temperature
dependence of the latter follows Arrhenius' law
with activation energies of U = 0.30 meV for the
hydride and U = 0.35meV for the deuteride,
while the displacements are u; = 0.019 nm in the
hydride and #; = 0.016 nm in the deuteride.

Table 1. Displacements u; of Fe probes in
B-NbHy7s and in B-NbDg76, caused by a single
intersitial, as well as activation energies U and
pre-exponential factors tg.o of the cage diffusion
jumps of the iron impurities.

u; (nm) U(meV) log(treo)*
NbHy 7 [9] 0.019+0.001 0.30+0.02 —1.44+0.6
NbDy 7 0.016+0.001 0.35+0.02 -1.8+0.6

* Tpe 1N units of 10"%s.
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Beenenne

Juddy3uss aToOMOB BHEIPEHUS B CHCTEMax
METaJUI-BOJOPOA BBI3BIBACT (PIYKTyaluio Hampsi-
XKEeHuil B pemerke. B pesynbrate, OBIDKEHHE
aTOMOB MeTajUla HamoMuHaeT auddy3uo B
KJIETKE CO CKOpPOCTBIO MPBDKKOB, OTpakKaromiei
CKOpPOCTh NPBIKKOB COCEIHHUX aTOMOB BOAOPOA.
Korna meccOayspoBckuii aToM COBEpIIaeT Takoe
“BHYTPHUKJIETOUYHOE” JBIKEHHE, KOTE€PEHTHOCTH
IIPOLIECCOB SMHUCCUHU WM IHOIJIOLICHUS Y-KBaHTOB
YacTWYHO Hapymaercs. OTO MNPHUBOAUT K
MOSIBIICHUIO KBA3UYNPYTroil JUHUH B MeccOayIpoB-
ckoM crmekrpe [1]. Illupwmra >3T0H JTUHUHK
BO3PACTaeT CO CKOPOCTHIO MPBIKKOB /10 TEX IOP,
MoKa JIoJisl MeccOay3pOBCKOTO CIIEKTpPa, UCTIBITHI-
BalOIIas KBa3WyNpyroe yIIUPEHHE, BO3PacTaeT ¢
aMIUTATYIOW CMEIIESHU MeccOay IpOBCKOTO aToMa.
Korna muddysus cunbHO 3amenssieTcss mOpu
HU3KUX TeMIlepaTypax, YLIMPEHUE HCYe3aeT, U
BECh CHEKTP CTaHOBUTCS ynpyrum. IIpm BbICOKHX
TeMmIeparypax, B npexaene ObicTpod auddys3um,
KBa3Wynpyras  JHHUS  CTAHOBUTCS  TaKou
LIMPOKOH, YTO €€ y>K€ HEBO3MOXHO OTJIUYHUThH OT
Hepe3zoHaHCHOro QonHa. To, dYTo mocie 3Toro
OCTaeTCs, SIBIACTCS HCTUHHO YIPYIOH YacThIO
MeccOayIpOBCKOTO CIIEKTPa, KOTOpas OCTaeTcs
V3KOM JHake B ciaydae ObicTpor auddy3ud.
Hanuuue B cnekTpe HCTHHHO YINPYrod YacTu
tunuaHo s auddysunm  Meccbay3poBCKOTO
aToMa B OIpaHMYEHHOW OO0JIACTH NPOCTPAHCTBA.
Korma  meccOayspoBckuit  aroMm  cBOOOIHO
mupdyHIupyeT 1Mo pemeTke, Bech CHEKTP
YIIUPSETCA U, B KOHEYHOM cYeTe, ucuesaer [2].

KBasuynpyroe mecc6ayspOBCKOe MOIVIOIICHUE
B OCHOBHOM Ha0mIoAaeTcs B MpoTenHax (CM.,
HanpuMep, paboty [3]) u B cucremax MeTaill-
Bogopoxa [4—14]. B GOMBIIMHCTBE SKCIIEPUMEHTOB
C TWApPHIAMH HAJIMYME KBa3WYNpPyrodl IHMHAU
OBUI0 YCTaHOBJICHO HEMpPSIMBIM METOAOM IIO
[IaICHUI0 UHTEHCUBHOCTH, IIPOMCXOSIIEM, KOIia
KBa3WyMNpyras JUHUS ciauBaercs ¢ GoHoM. Tonbko
st °'Fe B NbHy 7 [9,13] u VDyg4 [10] mmpoxas
AWHUS HaOmoJanach  HEMOCPEACTBEHHO IIpH
H3MEPEHUH CIIEKTPOB B IOCTATOYHO ILIMPOKOM HUHTEP-
BajJie CKOPOCTEH M CTAaTUCTHUYECKOM TOYHOCTEHIO,

HEOOXOMMMOM, KOTJIa MHTCHCUBHOCTh KBa3HYMpPYTrOH
JIMHWH PaCIUTHIBACTCS HA IIIMPOKYIO 00JIACTH CKOPOCTEH.
Pe3yabTaThl M 00cy:KIeHNE

B Hacrosmieit = paboTe  mpeACTaBJICHBI
pe3yibTaThl  OPSAMOTO  HAONIONCHWS  JIUHHU
KBa3HyNpYyroro MeccO0ay3poBCKOTO TOTJIOMICHUS
atomamu > 'Fe B NbDj 7. OKCIEPUMEHTHI  ObLTH
OPSANPHUHATHL AN WU3YYCHUS  HU30TOMHYCCKHUX
30 peKTOB B CKOpOCTIX NUPPY3HMH H CMEHICHHUIX
aTOMOB XeJie3a, PaCTBOPEHHBIX B cucTemMax Nb-H u
Nb-D. w57,
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Puc. 1. TemmnepaTypHast 3aBHCHUMOCTb CpPEIHETO
BpEMEHH IIOKOS MEXIy ‘BHYTPHKICTOYHBIMHU
NpbDKKaMH aToMOB jkene3a B NbHg;s (cBetibie
3Hauku) u NbDy ¢ (3auepHeHHBbIC 3HAYKM). JIuHUU
Appenuyca, KOTOPBIMU annpOKCUMHUPOBAHBI
SKCIIEpUMEHTAIbHBIC  JaHHBIE, COOTBETCTBYIOT
napamMeTpaM, IpuBeJcHHBIM B Taou. 1.

KBazuynpyroe mecc6ay3poBCKO€ MOTIIOLICHHUE
B NbHp7s um NbDjyj ObUIO wHCCIIENOBAHO HAa
pa30aBICHHBIX pACTBOPAaX 3aMENICHHs HHOOWS
atomamu ° Fe. Kpasuynpyras IJIMHHS MOXeT
HaOromaTbess B obyactu B-haz MexIy MpUMEpHO
260K u 340 K. ChexkTpel ObUTH poaHaIH3H-
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pOBaHBI HAa OCHOBE MOJEIH, B KOTOPOH
CYMTAJIOCh, YTO TOJLKO OJIMIKAHMIINE COCEIHUE
aTOMBI BOJIOPOJIa JAlOT BKJIAJ B CMCIICHHUE U
CBEPXTOHKOE B3aNMOJCHCTBHE MECCOAyIPOBCKUX
aToMOB. OTO JaeT 3HAYEHUS  BEIHYMHEI
CMEIIECHUHN 17, BBI3BAHHBIX OJHHMM OIMKAUIIAM
aTOMOM BHEJPEHUS, U CPEIHETO BPEMEHH MOKOS

Tre MEXIY UWHIYIMPOBAaHHBIMEH UG y3UCH
“BHYTPHKJICTOIYHBIMA MIPBDKKAMHA
MeccOaydpOBCKHX ~ aTOMOB.  TemrepaTypHas

3aBUCUMOCTD Tge IOTIMHICTCS 3aKOHY AppeHHyca
¢ oHeprueit aktuBaruu U = 0.30 voaB s
ruapunga u U = 0.35 3B nns pmeldtepunpa, a
cMmenieHust coctaBiagoT u; = 0.019 aMm  mia
ruapuna u u; = 0.016 aM as geitrepuna.

Tabauma 1. Cmemenus u; aromoB Fe B B-NbHg 75 u
[B-NbDy 76, BBI3BaHHBIC OJIHMM aTOMOM BHEIPEHUS, a
TaK)Ke aKTHBAIIMOHHBIC dHEprur U U NPE3KCIIOHEH-
LUATbHBIE MHOKUTEIH Treo TS ‘‘BHYTPHKIIETOUHBIX
T((Y3MOHHBIX ~ TIPEDKKOB  MPUMECHBIX ~ aTOMOB
Kelresa.

u (HM) U(B)  log(treo)*
NbHy[9] 0.019+0.001 0.30+0.02 —1.4+0.6
NbDy 7 0.016+0.001 0.35+0.02 —1.84+0.6

* Tgeo B SIIMHATIAX 1072 cek.
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