N
N

N

HAL

open science

NUCLEAR QUADRUPOLAR RELAXATION IN
LIQUID Ga-Te ALLOYS
R. Brinkmann, M. Elwenspoek, M. von Hartrott, A. Novak, D. Quitmann

» To cite this version:

R. Brinkmann, M. Elwenspoek, M. von Hartrott, A. Novak, D. Quitmann. NUCLEAR QUADRUPO-
LAR RELAXATION IN LIQUID Ga-Te ALLOYS. Journal de Physique Colloques, 1981, 42 (C4),

pp.C5-1055-C5-1058. 10.1051 /jphyscol:19814231 . jpa-00220862

HAL Id: jpa-00220862
https://hal.science/jpa-00220862v1
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/jpa-00220862v1
https://hal.archives-ouvertes.fr

JOURNAL DE PHYSIQUE
Colloque C4, supplément au n°10, Tome 42, octobre 1981 page C4-1055

NUCLEAR QUADRUPOLAR RELAXATION IN LIQUID Ga-Te ALLOYS
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Abstract. The nuclear spin relaxation rate was measured in
liguid GagTe]-¢ alloys on As as_an impurity atom. A TDPAD
technique was used on the 6 us 73MaAs isomer. The range 1>¢>0.2
was studied, with T=1110 K for c¢<0.7. The quadrupolar part of
the rate, Rp, was extracted. It shows essentially the same
concentration dependence as existing data for Ry of Ga in
liquid Ga_Teq_., and correlates strongly with the dip in
conductivity near ¢=0.4. A gquantitative analysis of the con-
centration dependence is attempted using a simple microscopic
model. It comprises localization of conduction electrons
including one free parameter for charge shift in the Ga-Te
bond (ionicity). Satisfactory agreement is obtained.

Measurements of the nuclear spin relaxation rate R should be very
helpful in understanding the metal—.semiconductor transition from a
microscopic point of view. We report here on measurements of the qua-
drupolar rate RQ(c) of As as an impurity atom in liquid GaCTe1_c,
which shows a strong correlation with electrical conductivity o (c), as

has been observed earlier for RQ of Ga /1, 2/. Warren /1, 2/ has

suggested a connection of the rise in RQ near ¢ = 0.4 with slowing

down of the atomic motion and covalent bonding.

We have measured the nuclear spin relaxation rate R = RQ+RM in
liquid GacTe1_C, 1> c ™= 0.2, using 73mAs (5.6 us state) as the probe
nucleus in a TDPAD experiment. Details about the experiment will be
given in a subsequent publication /3/. The temperature was 1110 K
except for ¢ = 1, where T = 300 K. The magnetic contribution RM could
safely be estimated from the measurement for 69’71Ga /2/. The results
for RQ of 73mAs are presented in the figure. It is noteworthy that
they display the same strong concentration dependence as RQ of Ga /2/,

in spite of the considerable chemical difference between Ga and As.

The motional narrowing result for R. is R, = const - <V2 >

20
where <V§O>(c) is the mean square fluctuation of the electric field
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gradient at the nucleus (efg), and t(c) is the correlation time of VZO‘
Since we know of no other suitable data about atomic dynamics in liquid
Ga-Te, RQ is compared in fig. 1 with viscosity n from /4/. Though this
estimate of the concentration dependence due to 1 is admittedly very
uncertain, we consider it a realistic or even (from liquid metallic
alloys) upper estimate for possible changes of RQ(c) caused by Tt (c).
Now n (c=0.4)/n(1)<< RQ(O.4)/RQ(1), and the temperature dependence of

RQ near c¢=0.4 /3/ is also definitely stronger than that of n. ge feel
therefore forced to turn to the concentration dependence of <V20> and
shall attempt a quantitative estimate of the effect of electron

localization on it.

For the arrangement of neighbour atoms around the probe a model
in P-space was used, which reproduces rather well the cancellation of
two- and three particle terms in monatomic liquids /3/. The efg pro-
duced by a neighbour i=Ga or Te, V,_ .. is derived from a screened

201
Coulomb potential,

R

— Liquid Ga_Te, 110K
Rqlc=1) a ¢ Tl-c
® AS3™ TDPAD
30F & &' NMR i
{warren 1972) %
— — 1 {Glazov et al 1969} +A
~ —— Model Calc.
at. % Ga
Fig. 1: Concentration dependence of guadrupolar nuclear spin
relaxation rate Ry in liquid Ga_Teq_,, normalized at c=1.
Points are experimental data: A Warren /2/, ® present

work. Full curve is the model calculation described in the

text; the free parameter is .chosen as §. =0.5, Viscosity
. ion

n is from /4/.



C4-1057

V. = 7.6 r | e
i i

As in an earlier note we thus start from the metallic liquids Ga,Te /5/.
As a first approximation, the concentration dependence of the effective
Sternheimer factor is neglected. The density of "free" electrons,

ncond' determines the conductivity ¢, and also the shielding length

2 _ ne h (3/ cond 1/3.

according to A
is 3/atom in Ga. For Te, it is taken from RH and ¢ to be also close
to 3 above 1000 K, see /6/. Thus Zlon = Zlon = +3 and ncond = 3/v in

Ga Te
the pure liquids, v = atomic volume (VTeQ’VGa _NFE(C)
obtained by interpolating 1/cGa, 1/5,1,e - with the experimental o (c)

The number of free electrons

). Comparing o

one obtains

ncond = 3/v . c(c)/GNFE(C) .

The average number of localized electrons per cell, Zloc = 3- ncond. v

is now a551gned to Ga or Te cells where their charge adds to Z
Zi = z on_ ioc Zégc and Zloc can be thought of as composed of a part

symmetrlc with respect to Ga or Te, and an asymmetric part, and the
former may be identified with bonding of covalent, the latter with
ionic character. The corresponding parameter Sion(056i0n51) is norma-
lized such that if at the 2:3 composition full localization occured
(Zloc = 3) with 100% ionicity (Gion = 1), then the localized electrons

would all be found in the Te cells

loc loc _ 2 . ploc
Zre 2ga = 37 33 z /3 $ion
This relation and the requirement of charge neutrality, c Z.,_+(1-c)2
cond loc loc Ga Te
=n v, fix Z nd Z .
V§O>(C) can then be calculated for given ¢, o(c) and &§; .. It is
the difference of charges 2 ,_ -2 NS, which produces a difference
Ga "Te ion

in efg's, these being strongly enhanced around ¢ = 0.4 by the decrease
in A. A large <V§O> results from there while in the present treatment
the symmetric part of Zloc contributes little to <V§O> around c = 0.4.
(A large difference in efg's may, however, also be ascribed to co-
valent bonding of the probe atom predominantly to one kind of neigh-
bours.) As discussed above, we use n(c) to estimate t(c). The data
used are for 1110 K exept for the normalization point at ¢ = 1 where

they are for 300 K.

The full curve in fig. 1 is Ro(c)/RQ(c=1) for a value of the

single free parameter §. ion = 0.5 (independent of c). Though there are

discrepancies in detail, the overall agreement of the present very
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simple model with experiment over the full concentratiqn range is
encouraging. The temperature dependence is also satisfactorily
explained: for these data and an extended report see /3/.
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