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Positron Lifetimes in Metal Hydrides ('). 
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(ricewlto il 19 Dicembre 1967) 

S u m m a r y .  - -  Positron-decay curves in commercially available metal 
hydrides have been measured, using a delayed coincidence system with 
0.37 ns (FWHM) prompt time resolution. Evidence was found that the 
annihilation is complex, with two exponential decays of comparable 
intensities. In Mkali-metal hydrides as in Mkaline-earth hydrides, 
the annihilation rates 1'1 and F~ are found to increase with molecular 
densities. The experimental results are against the crude application of 
the simple decay model of the positron bound to a single H- ion of the 
lattice. This model seems realistic only in the limit of very low molecular 
densities. Positron lifetimes in Till2 and ZrH 2 are found to be considerably 
shorter than lifetimes in divalent alkaline earth hydrides, probably owing 
to tho presence of the highly polarizable electrons in the conduction band. 

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

Informat ion  about  the annihilation features of slow positrons in solids is 

mainly given by  measurements of angular correlation of photons from the 

two-gamma decay and by  positron lifetime spectra. The first method gives the 

density of momenta  of the annihilat ing particles, the second gives the 

lifetimes of the positron in the material  and the fraction of positron annihila- 

tions which occur by  various modes. I n  the past  few years some efforts were 
made in the above direction, in order to get some knowledge of the electron 

structure of matter .  The decay mechanism of the positron, in spite of the 

abundance of experimental  data, is not  yet  clearly understood. 

(') This research has been sponsored by the Consiglio NazionMe delle Ricerehe 
(Gruppo Nazionale di Struttura delia Material 
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FERREL (1) discussed the  fo rmat ion  of the  pos i t ronium a tom in ionic clystals  
and  concluded tha t  this possibil i ty is des t royed ma in ly  b y  the fact  tha t  the po- 
s i t ron ium a tom is confined to a space of ve ry  small  dimensions wi th  a great  
lowering of its in terna l  b inding energy. I t  was then svggested t ha t  in ionic 
crysta ls  the posi t ron in teracts  electrostat ica]ly with the negat ive  ions and 
annihi la tes  with the  outer  electron shells. This a rgumen t  was suppor ted  b y  
accura te  exper imenta l  da ta  (~) on the  angular  correlat ion of photons  f rom posi- 
t ron  annihi lat ion in two sys temat ic  series of alkali  halides, all the sodium halides 
and  all the alkali  chlorides: the  posi t ive ions have  very  litt le influence on the 
m o m e n t u m  dis t r ibut ion in comparison with  the  negat ive  ions. This conclusion 
was suppor ted  ~lso b y  the  observat ion t ha t  angular  correlat ion curves for 
L i t I  and lqaH are ha rd ly  dist inguishable (3). Serious difficulties arise when 
the  exper imenta l  densities of m o m e n t a  are compared  with the  dis tr ibut ions 
calcula ted f rom the wave-funct ion products  given b y  various models  of elec- 
t ron  and posi t ron wave  functions in the  crystal .  This is p robab ly  due to the 
fact  t ha t  positrons annihi la te  chiefly wi th  the  electrons of the  valence band 
which are more  polar izable than  others,  and  whose wave functions differ f rom 
the  Har t r ee -Fock  free-ion wave functions because of the c~ystal po ten t ia l  and 
the  presence of the posi t ron itself. Therefore  a significant comparison with 
exper imenta l  da ta  requires  a detailed knowledge of the electron charge distri- 

bu t ion  in the crystal .  
At  the present ,  accura te  exper imenta l  da ta  about  positron l i fet imes in 

alkal i  halides are avai lable  (4,~). For  these substances the annihi la t ion spectra 
are  complex and show the  contr ibut ion of two or more l ifetime components .  
The in te rpre ta t ion  of these  results  is not  immed ia t e  but  it  is seen ~hat the  
annihi la t ion features  show regulari t ies wi thin  each series of alkali  halides. 

Owing to the  main  resul t  pointed out b y  exper iments  tha t  the  annihi la t ion 
process is chiefly concerned with the  electronic proper t ies  of the negat ive  ions, 
i t  is useful to get  exper imenta l  data  abou t  the  most  simple series of ionic 
crystals ,  t ha t  is me ta l  hydrides.  Moreover the most  demanding  theoret ical  
works  about  posi t ron annihi la t ion in ionic crys ta l  are per formed in L iH  because 
of its simple electronic s t ruc ture  (s,7) F ina l ly  the  exper imenta l  invest igat ion 
of posi t ron lifetimes in solids is now more  accura te  than  in the pas t  few years 

becaxlse of improved  exper imenta l  techniques.  

(1) R. A. FERREL: Rev. JYiod. Phys., 28, 308 (1956). 
('-') A. T. STEWART and N. K. POPE: Phys. Rev., 120, 2033 (1960). 
(3) A. T. STEWART and R. H. MARCIa: Phys. Rev., 122, 75 (1961). 
(4) A. BIsI, A. FIORENTIN-I and L. ZAPPA: Phys. Rev., 134, A 328 (1964). 
(5) C. BU8SOLATI, A. DUPASQUIER and L. ZAPP~_: Nuovo Cime~to, 52B, 529 (1967). 
{8) V. J. GOL'DANSKII, A. V. IVANOVNA and E. P. PROKOP'EV: Soy. Phys. JETP, 

20, 440 (1965). 
(7) W. BRANDT, L. EDER and L. LUNDQUIST: Phys. Rev., 142, 165 (1966). 



POSITt~ON LIFETIMES IN METAL I~YDRIDES 49 

In  a previous  pape r  (8) we have  established the  possibi l i ty  of making  a 
sys temat ic  inves t iga t ion  of pos i t ron-decay  features  in m e t a l  hydrides  with 
sufficient accuracy.  

I n  the presen t  pape r  we give the  exper imenta l  results abou t  posi t ron life- 
t imes and intensi t ies  of the  var ious  decay components  in alkali  me ta l  and  
alkaline ea r th  hydrides  which are commercia l ly  available.  A physical  decay 
model  is also proposed which is in qual i ta t ive  agreement  wi th  exper imenta l  
da ta  avai lable  a t  present  t ime.  

2. - E x p e r i m e n t a l  m e t h o d .  

Our de layed  coincidence sys t em consisted basical ly of a t ime-to-pulse-  
height conver ter  Ortec Model 405 together  with a convent ional  fast-slow 
system. I n  order to el iminate pile-up effects, the  inhibi t  pulses of two pile-up 

detector  circuits were pu t  in anticoincidence with  signals to be analysed.  
The y-rays were detec ted  by  two ~NE 102 plast ic scintillators, optical ly coupled 
to Philips X P  1021 photomult ipl iers .  Wi th  narrow energy selection windows 
set near  the  Compton edges of the  :2Na spectrum,  the  full width a t  half 
m a x i m u m  (FWHM) of the  p r o m p t  resolut ion curve t aken  with  the  y-rays 
emi t ted  b y  e°Co was 3.7.10 -1° s. The  slope s imulated b y  the  resolution curve 
was 0.82.10 -lo s. These values were de te rmined  under  typica l  exper imenta l  
conditions. The peak- to -background  ra t io  was 104:1 for the  act ivi t ies  of the 

sources used in our experiments .  To reduce the  effects of drift ,  which was 
main ly  due to the  mul t ichannel  analyser ,  da ta  were t aken  a l te rna te ly  f rom 
p rompt  (6°Co) and  delayed sources. We have  not  considered da ta  accumula ted  
between two p r o m p t  resolution curves whose centroids dr i f ted more  than  

0 .30.]0  -2° s. Moreover  all spectra  were analysed b y  the  slope me thod  using 
a m a x i m u m  likelihood procedure,  in which allowance was made  for finite t ime  
resolution, background  and finite width  of pulse-height  ana lyser  channels. 
Time cal ibrat ion was made  b y  means  of fixed coaxial de lay  lines: they  were 
inserted immed ia t e ly  before the  stop inpu t  of the  t ime- to-pulse-height  converter ,  
and subsequent ly  we measured  the  centroid shifts of the  p r o m p t  curves so 
obtained.  

A few microcuries  of 221~aC1 solution were evapora ted  on a 1 mg/cm ~ mica 
foil sandwiched be tween the  specimens under  invest igat ion.  The fract ion K of 
the positrons annihi la t ing in the  suppor t ing foil was eva lua ted  b y  taking 
advan tage  of results  obta ined recent ly  b y  BEI~TOLACCISII and  ZAPPA (9). 

(8) A. GAINOTTI, C. GItEZZI, M. MANFREDI and L. ZECCHINA: P h y s .  Let t . ,  25A,  
316 (1967). 

(9) M. BERTOLAOCINI and L. ZAPPA: _~YUOVO Cimeuto ,  5 2 B ,  487 (1967). 

4 - II Nuovo Cimento B. 
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In  their  paper they give direct ly  this fraction as a function of the foil thickness 

and of the mean atomic number  of the specimen. The values of K relative to 
our measurements  are contained in few 10-2: this is due to the low mean atomic 

number  of the specimens under  investigation. By  knowing K and by  taking 

a spectrum in a mica sample it has been possible to subtract  correctly from 

every  spectrum the contr ibut ion of annihilations taking place in the sup- 

por t ing foil. In  order to test our apparatus  we have compared the results 

obtained in An and in instrinsic Ge with those recent ly  given in the literature. 

I t  was found tha t  in these elements the main par t  of the positrons annihilates 

with a single lifetime. In  Table I our lifetimes are compared with those given 
by W~ISBEI~G and BERK0 (lo) for Ge and BERTOLACCIiNI and ZAPPA (9) for Au. 

The agreement is sat isfactory:  slight discrepancies are eontaii:ed in some 

percent.  

TABLE I. -- Mean lives o] positrons i~ Ge and Au: comparison between our values and 
thgse in the literature. (3.10 '° s.) 

Ge 

O u r  v a l u e s  

2.32 ~: 0.08 (Int.) 

Literature 

2.26 ± 0.05 (Int.) 
2.27 ± 0.07 (N doped) 

Au 2.07 ± 0.08 1.91 d= 0.03 
2.00 ± 0.05 

Owing to the fact tha t  metal  hydrides react  very  strongly with water, the 

preparat ion of the specimens was carried out in inert  atmosphere and all 

measurements were taken under vacuum. Multierystalline analytical reagent- 

grade chemical specimens were used. I t  is known that ,  apar t  from <~ tails ~ 

of very  low intensity, the decay features of the positrons are considerably 

insensitive to small quantities of impurities and are identical for powder and 

for single crystal specimens. These conclusions were evidenced for LiH in our 

previous paper (8). 

3 .  - R e s u l t s .  

For  all investigated compounds a complex annihilation spectrum was ob- 
served; at  least two decay components /"1 and /72 with comparable intensities 

(lo) H. WEISBERG and S. BERKO: Phys. Rev., 154, 249 (1967). 
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I~ and I2 were separated. A typical  
example was K H  whose spectrum is 

illustrated in Fig. 1: the two life- 

times are clearly separated. In  sev- 

eral cases (Calls, SrH~, BaH2 and 
LiH) a third component  F~ with life- 

t ime of some 10-�s and very feeble 

intensity is found. In  Fig. 2 the 

long (( tail ~ in the SrH~ spectrum is 

well in evidence. No comments are 

made in this paper  about this com- 

ponent  because we have already 

pointed out tha t  values of F~ and 

Ia are not reproducible, for example 
in LiH (s). 

All results are summarized in 

Table I I .  

I t  has been impossible to inves- 

t igate R b H  and CsH because they  

are not commercial ly available with 

a sufficient degree of purity.  For  

each compound several specimens 

have been invest igated:  apart  for the 

/"3 component  in LiH, we have not 

found lack of reproducibility. I n  
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every case values reported in the Table are the ar i thmetic  mean values 

among all measurements  and there was no measurement  leading to a result 
which is not included within the errors given in the Table. 

I n  the last column the molecular densities of various compounds are reported. 

TABLE I I .  - Mean lives and intensities o] positrons i*~ metal hydrides. I n  t h e  l a s t  c o l u m n  
t h e  m o l e c u l a r  d e n s i t i e s  of  v a r i o u s  c o m p o u n d s  a r e  r e p o r t e d .  

~1' 101° s 

L i H  1 . 7 5 ~ : 0 . 1 0  

N a i l  2 . 4 4 4 - 0 . 1 5  

K H  2 . 8 1 4 - 0 . 1 3  

M g H  2 2 . 5 4 4 - 0 . 1 5  
C a l l  2 2 .52-4-0 .20 

S r H  2 2 . 8 9 4 - 0 . 1 5  
B a H  2 3 . 1 9 4 - 0 . 1 0  

T i l l  s 1 . 4 0 4 - 0 . 1 5  

Z r H  2 1 . 8 0 4 - 0 . 1 5  

%(%) 
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7 3 4 - 5  

5 2 4 - 6  

8 1 4 - 4  

524-5 
574-8 

v s • 101° s 

3 . 2 0 4 - 0 . 1 5  

4 . 1 3 4 - 0 . 2 0  
5 . 2 9 4 - 0 . 1 5  

4 . 9 0 i 0 . 2 0  
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544- 5 
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lO4- 1 
314-  5 
374-  5 

v 3 • 109 s 

0 .74  - -  1.45 

4 . 7 4 4 - 0 . 1 0  

5 . 3 1 4 - 0 . 2 5  
4 . 3 2 4 - 0 . 2 0  

I .  (%) 

2 - - 8  

1 . 2 4 - 0 . 4  

5 . 6 4 - 1 . 0  

2 . 4 4 - 0 . 3  

I 

n . 1 0 - 2 2 :  

-I 
5.88 
3.41 

2 .14  

3.24 

2.72 

2.19 

1.79 
4 .58  

I 3 .65 
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The numbers of molecules for cm s are evaluated from X- ray  data (11) and are 

found consistent with values obtained by  means of picnometric determina- 

tions when these are available. The lifetimes T1 and % for alkali-metal and 

alkaline-earth hydrides are found to va ry  in a regular way  with molecular 
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densities. This is bet ter  i l lustrated in Fig. 3 for alkali metal  hydrides and 

in Fig. 4 for alkaline-earth hydrides where we plot ted the annihilation rates 

I'1 and F~ (the reciprocals of T1 and ~) against molecular densities. 

I t  is difficult from these graphs to draw definite conclusions about  the 

dependence of /"1 and /~ from n, but  in a crude approximation we m a y  say 
tha t  the annihilation rates linearly increase with molecular densities. Also 

we have  extrapolated to ve ry  low densities, and part icular ly to n ~ 0, this 

l inear behaviour. Values at  n ---- 0 are clearly finite values and correspond to 

(11) G. LIBOWITZ: T~e Solid-State Ghemistry o] Binary Metal Hydrides (New 
York, 1965). 
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Fig. 3. - Plot of the annihilation rates 
/'1 and F 2 against molecular density n 

/or alkali metal hydrides. 

Fig. 4. - Plot of the annihilation rates/ '1 
and 1"2 against molecular density n for 

alkaline-earth hydrides. 

l ifet imes of (1.26=]=0.20).10-~° s and (8 .70~0.6) .10  -~° s for monova len t  hydrides 
and to (5.20=k0.30).10-~° s and (2.15=k0.35).10-9 s for d ivalent  hydrides.  

4 .  - D i s c u s s i o n .  

I t  is reasonable  to assume tha t  the  annihi lat ion process of the positron in 
ionic crystals  m a i n l y  takes place wi th  the  electrons of the  negat ive  ions and 
more  precisely, wi th  the  electrons in the  valence band.  This is suggested b y  
simple considerations abou t  Coulomb interact ion and  electronic polarizabil i ty,  
and  is sufficiently confirmed b y  angular  correlation (2) and  l i fet ime (4.5) exper- 

iments  ill alkali  halides. Similar conclusions can be drawn for me ta l  hydrides 
b y  having  in mind  the  angular  correlat ion measuremen t s  (3) and the  present  
exper imenta l  results.  Some doubts  m a y  arise b y  observing t h a t  the  low elec- 
t ronega t iv i ty  difference between me ta l  and hydrogen a toms seems to indicate 
a low degree of ionici ty in the bond.  The e lec t ronegat iv i ty  difference varies 
f rom 1.0 (MgH2) to 1.4 (CsH) in me ta l  hydr ides  and f rom 1.5 (LiI) to 3.3 (CsF) 
in alkali  halides. However  it  should be  emphasized t h a t  the  e lec t ronegat iv i ty  
difference is b y  no means a precise definition of the  percen tage  of ionic 
charac te r  in a chemical  bond. Fo r  example ,  according to PAULI~G (12), an 
e lec t ronegat iv i ty  difference of 1.1 as in LiH,  corresponds to 26 % ionic character  
for the  chemical  bond  between l i th ium and hydrogen.  However  a different 
evaluat ion (~3) of the  re la t ive  pa r t i a l  charge in hydrogen a tom gives - -0 .49  

(12) L. PAVLING: The Nature o/ the Chemical Bond (Ithaca, :N. Y., 1960). 
(13) R. T. SAND]~RSO~: Chemical Periodicity (New York, 1964). 
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in units  of electron eharge. F ina l ly  recent  diffraction invest igat ions (14) and 
theore t ica l  quan tum mechanieal  calculations (15) indicate  t ha t  the  degree of 
electron t ransfer  f rom l i th ium to hydrogen is in the  range of 0.8 to 1 electrons, 

thus  indicat ing a strong ionic bond. 
GOL'DANSKII et al. (6.1~) made  a first a t t e m p t  to explain the annihi la t ion 

fea tures  of the positron in m e t a l  hydrides b y  supposing the  posi t ron in te rac t ing  
with  a single H -  ion thus forming the  sys tem H - e  +. They  considered the 
sys tem in the free space and  used the  H a r t r e e - F o c k  self-consistent method  
for calculat ing energy levels and electron and  posi t ron wave functions.  They  
showed tha t  the  binding energy  of the posi t ron with  H -  is equal to several  eV 
for bo th  the  ground s ta te  and  the first exci ted states,  t h a t  is bound states are 
possible. Moreover they  calculated the annihi la t ion ra tes  of the posi t ron for 
different ( ls  2) nl configurations, and showed tha t  the  possibil i ty of observing 
several  annihilat ion ra tes  coming f rom various exci ted states of the  posi t ron 
is indeed confirmed b y  the  fact  tha t  the p robab i l i ty  of capture  of thermal ized  
posi t rons is much  larger  for excited s ta tes  than  for the  ground states,  while 
the  rad ia t ive  t ransi t ion ra tes  between various levels are comparable  with the 
annihi la t ion rates. 

In  view of our results,  the  crude appl icat ion of the Gol 'danski i  model  to 

me ta l  hydrides is not  realist ic:  

1) The sys tem H - e  + in the  free space leads to l ifetimes identical  for all 
monova len t  hydrides. This is cIearly against  the exper imenta l  results t h a t  I'1 
and F~ increase with molecular  densities. 

2) The size of the  H - e  + bound sys tem is considerably grea ter  than  the 
d is tance  between neares t  H - H  neighbours in real  lat t ices (~.16). This shows 

tha t  the  interact ions with o ther  neighbours H -  cannot  be neglected. 

3) Following FERREL (1) w e  m a y  suppose t h a t  the  effect of the sur- 
rounding ions is to raise the  posi t ron energy b y  the  Madelung term.  I f  c is 
one-half  the in te r -a tomic  spacing and a the  radius of the first Bohr  orbit,  the 
Madelung energy is 1.74(a/c) ryd  for cubic crysta ls ;  this is of the same order 
as the  binding energy to an isolated H -  ion, t h a t  is 4.57 eV for the  ground 
state,  and makes  quest ionable if the binding to a single H -  ion is energetically 
favourab]e .  

Only for sufficiently low values of n the  m i n i m u m  distance between H -  ions 
in the  lat t ice becomes g rea te r  than  the  size of the  I t - e +  system. The Gol 'danski i  

(14) R. S. CALDER, W. COCtrRAN, D. GRIFFITHS and R. D. LOWDE: Journ. Phys. 
Chem. Solids, 23, 621 (1962). 

(15) H. SHL'LL: Journ. Appl. Phys., 33, 292 (1962). 
(16) A. V. IVANOV~A and E. P. PROKOP'EV: Soy. Phys. JETP,  21, 771 (1965). 
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model seems therefore realistic only in the limit of very  low molecular densi- 

ties and part icular ly for n = 0. The reciprocal of our extrapolated /'1 and /'2 

values at  n = 0 (see Fig. 3), tha t  is (4.26:~0.20).10-:° s and (8.70±0.60)-10 -1° s, 
should have the meaning of the lifetimes for the positron bound to a single 

H -  ion in the free space and should directly be compared with the lifetimes 
of 2.84"10-1°s and 12.7.10-1°s calculated in ref. (6.18). The disagreement is 

perhaps not serious if one has in mind that  the calculated values are mean 

yalues over several excited positron levels. 
At  higher values of molecular densily, as we have already pointed out, 

the positron should interact  with several H -  ions and one expects an increase 

oi 1"1 and /~ with molecular density, according to the experimental  result. 

Thus calculations like tha t  of ]~I~ANDT et al. (7), involving the  positron in- 

teracting with the whole crystal, should be more realistic even if they  lead to 

a single lifetime: this difficulty could be removed by  considering also excited 

positron bands and by ascribing the different rates 1"1 and f~ to annihila- 

tions from different positron bands. 
Considerations like these can be applied to alkaline-earth hydrides with 

the only difference that  annihilations from H~-e  + bound system must  be con- 

sidered now in the  low-n limit. 
Finally we have measured positron lifetimes in two other divalent hydrides, 

i.e. Till2 and ZrH2; the results are reported in the last two rows of Table I I  

and we observe tha t  positron lifetimes in such compounds are considerably 

(higher) than lifetimes in alkaline-earth hydrides. In  other  ~ords,  if we plot 

the annihilation rates /'1 and 12 for TitI2 and ZrH2 against molecular densities 

we find points tha t  lie considerably above the straight lines of Fig. 4. This 

is probably due to the nature  of the chemical bonding of these compounds, 

which seems to consist of ~ mixture of ionic and metallic bonds. More precisely 

the agreement  between measured inter-atomic distances and the sum of the 
ionic radii indicates ionic bond whereas the electrical conduct iv i ty  of metallic 

type exhibited by  these compounds indicates electrons in the conduction 

band (1~). P robab ly  it is the contr ibution of these highly polarizable con- 

duction electrons to the annihilation process tha t  causes the observed relevant 

decrease in positron lifetimes. 
Some conclusions can be drawn from this paper. The observed positron 

lifetimes in metal  hydrides together  with considerations about  the size of 
the H-e  + system advise against the crude application of the Gol'danskii model. 

This model seems realistic only in the limit of very low molecular densities, 

whereas it is a useful model for a ten ta t ive  explanation of the multiplicity of 

the observed ~nnihilation rates. I t  is to be noted here tha t  molecular den- 

sities sufficiently low in order to ensure the reality of the application of the 
GoYdanskii model are not experimental ly reproducible. I n  fact  these values 

of n ~re characterist ic  of the gaseous phase, whereas metallic hydrides do not  
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e x i s t  i n  t h i s  p h a s e ,  a n d  i n  g e n e r a l  t h e  a n n i h i l a t i o n  f e a t u r e s  of  t h e  p o s i t r o ~  i n  

g a s e o u s  m e d i a  a r e  v e r y  d i f f e r e n t  f r o m  w h a t  is  o b s e r v e d  i n  so l ids ,  b e c a u s e  of 

p o s i t r o n i u m  f o r m a t i o n .  

$ $ . ¢ .  

W e  a r e  g r a t e f u l  t o  P r o f .  R .  F IESCt t I  f o r  h e l p f u l  d i s c u s s i o n s .  

R I A S S U N T 0  

Le  r i t e  medie  dei pos i ton i  negl i  i d ru r i  meta l l ie i  e o m m e r e i a l m e n t e  d isponib i l i  sono 
s t a t e  m i s u r a t e  m e d i a n t e  u n  s i s temu di co inc idenza  r i t a r d a t a  a v e n t e  u n a  r i so luz ione  
di 0.37 ns  (FWHM).  L ' a n n i e h i l a m e n t o  ~ r i su l t a to  essere eomplesso con due  e o m p o n e n t i  
di  d e e a d i m e n t o  esponenzia l i  a v e n t i  i n t ens i t~  pa ragonab i l i .  Sin negl i  i d r u r i  dei  meta l l i  
a lca l in i  che in quelli  dei me ta l l i  a lea l ino  terros i  si ~ t r o v a t o  che le p r o b a b i l i t h  di  ann ich i -  
l i m e n t o  I ' i  e F~ a u m e n t a n o  con  le deusi t~ molecolar i .  I ris~fltati spe r imen ta l i  sono con- 
t r a r i  a l la  appl icaz ione  del  sempl ice  model lo di d e c a d i m e n t o  del pos i tone  lega to  ad  
am singolo ione H - .  Questo model lo  s e m b r a  p laus ib i le  solo nel  l imi te  di dens i t£  mole- 
co lar i  mol to  basse.  L e v i t e  mealie dei pos i ton i  in  TiH~ e ZrH~ sono r i su l tu te  eonsidere-  
v o l m e n t e  pif~ b rev i  di quelle r i s con t r a t e  negli  i d r u r i  dei  meta l l i  alcal ino te r ros i :  cib 
p r o b a b i l m e n t e  dovu to  al e o n t r i b u t o  degli e l e t t ron i  di eonduzione .  

BpeMeHa~H3HH HO3HTpOHOB B MeTa~HqeCKHX FH~pH~aX. 

Pe3ioMe (*). - -  Br~ulu H3Mepertr~i ~:pnBbie pacna~a  noanTporro~ B rtMerott~ttxc~t c n p o ~ a m e  
MeTanni~qecKnx ra~pmxax,  nc~onb3yn  3arta3~bmatomyIo CHCTeMy COBua~erm~ c 0.37 
u c e r  ( F W H M )  MrrIoBerrm, iM BpeMermi,~M pa3pemenneM. Hafi~ei~o iiO~TBep~r~eaae, ~ 0  
armnrHa~Una rmnfleTca cYlomHo~, c /lByMfl 3KCIIOHeHIJJ~aYlbI-IblMH pacrta~taMu, co cpaBm~- 
MblMH HHTeHCI4BHOCT$1MI4. B meao~m~x M e T a ~ r i ~ e c r n x  r~t~pr~ax,  nO~O6rtblx me~oax40- 
3eMeYlbHblM ra~pH~aM, nonyqerro,  aTO CKOpOCTIeI amtarrIn~u~n~ F1 a /12 yBenHqnBatoTca 
c yBeJ~HqeHI~eM MOneKy~pn-bIX rtnoTrlOCTe~. ~)Kcrlep~iMeaTa.r~bie pe3yn~,TaTbZ rtpoT~- 
BopeqaT Kertocpe~cTBeHt-IoMy HpHMenen~4~O rtpOCTO~I Mo~eYI~ pacrta~a, r o T o p a a  pac-  
CMaTpHBaeT II03HTpO/-I, CB~I3aHHI, IM C OT~eYlbI-IbIM I40I-IOM I-I- B pe~tteTre. OTa Mo/xeab 
oKa3bIBaeTc~t peazTHCTI4xtHO~I TOYIbKO B Ilpe~eJ/e oqeHb /a/43KI~X MOneKy~apr~blX IInOTKOCTe~. 
HonyaeHo,  ~TO apeMena ~<r~3nrr II03HTpOHOB B Ti t t e  rI ZrH~ 3HaHHTeYlbHO r o p o q e ,  HeM 
BpeMeKa mH3I-/H B ~ByxBa.rleHTIValX IJ2eJIOqHO-3eMenbHI, IX rn~pr~aax, qTo, Bepo~TaO, o6yCnOB- 
JIeHO aanHq/4eM CHnraHO rlOn.~pH3yeMbIX 3~IeKTpOHOB B 30He IIpOBO~HMOCTI4. 

(') HepeeeOeno peOatcque~t. 


