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P R E F E R E N T I A L  SITE OCCUPATION OF I N D I U M  
IN fl-GazO 3 

A.E PASQUEVICH* 
Departamento de Fisica, UNLP,, c.c. 67, t900 La Plata, Arge, tina 

The hyperfine interactions of 111Cd in galliu~n o.,:ide doped with lllIn 
have been studied as a fL~cti~ of temperature (3~) - 1323 K) by means of 
the_ time differential perturbed angular correlation technique. The 
observed hyperfine interactions are assigned to tl~ th~ 8 - form of 
galliuvn oxide . X - ray diffraction analysis support this conclusion. It 
is fc~d that indiu~ replace galliu~n at only one site of both possible 
sites in the monoclinic ~ - structure. This site is probably the sixfold 
ccx~rdinated one. On the other he~d, a time dependent interactlen is 
detected at temperatures bel~ E~,~) K. 
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In recent years., U~ hyperfine interactic~Is of tttCd in oxides have 
e:.:tc~nsively studied /i/. In the case of InzO~ a t.in~ de~-ident Jnteractic~n has 
b~n f~uld and connected with t i e  dcx:ay by Elr~ztrcT1 Capl :ure of  lttIul to ~:1 t i t .  
AlthrJ_tgh sc~1~ rnece~ssary c~iditlons for tl~e ei:istence of tl~e_ tithe depend~nt 
interacticn have been established, it is nat yet clear- u~ider which conditions 
this interaction is presented and in which way it depends on the physical 
properties of the host, The case of GazEb, seems to be we] ] appropriated te 

search for similar effects. 
Galliuun oxide exists in several crystalline forms ~, /~, y~ ~r., and ~. The 

/~ type is the most stable crystalline modification and has been the most 
studied in crystal /2/ or in film form /3/. Optical/4/, n~gnetic /5/ and 
hyperfine properties /6/ of /~ - Gaze9 doped with transition metals have been 
reported. The crystal structure consists in a distorted cubic closed packed 
lattice of o::ygen ions with Ga in distorted tetrahedral and ~:tahedral sites. 

2. Experimental procedure ~nd re~.~.~Its. 

Aquec~s solution of galliu~i nitrate was pre~red using high purity 
cc~nponc~ts. Indit~n nitrate aquec~ts .solutiOn prepared fr~n carrier free ililn 
was added. The soluti~ was dried and calcined a few h~itrs at 473 K. At this 
temperature galliu~n oxide appears /7/. At temperature higher than Ii43 K is 
expected that all the fora~ ~onverge to the /3 one /8/. This fact ~as 
~orroborated by X - ray diffraction measurements. Figure 1 displays results 
obtained at RT end show h~ the /~ form is established ~tith the annealing 

sequence. 
T I~  Tin~ Differential F'erturbed Angular Correlation experiments were 

carried out using a standard fast slow coincidenc~ equipment with tw~ 
detectors of CsF scintillators. Measurements were carried ~tt as a function of 
temperature in tt~ range RT - 1325 K. Typical results obtained in this way are 
sho~n in Figure 2. The TDPAC sp~-c ira displayed in Figure 2a show 
the transformations of the indiu~n surri~dings after onnealings. These spectra 
are well fitted only assL~ing t~ sites for In in the host str~ture. The 
quadrupole interaction at each site is described by the standard e::pression 

for- the perturbation f a c t o r :  

Gz(t ) = ESZn cos(cont ) e::p(-6~nt) (I) 
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Figure 2: TDPAC spectra of ~lIIn in Gallit~n o;~-tde, as a ftunction of 
increasing annealing taxnperature (which coincides with meas~rement 
tE~perature) and b) measur~x~r~nt temperature. 

a) 

The dependence on ta~nperature of the hyperfine parameters for both 
sites are sh~n in figure 3. At the higt~st temperature cx~ly one site is 
populated. [17 cooling do~ the s~,ple the hyperfine str~icture is kept up to 
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E~'x 1. K. At ic~.er tc~nperature a time dependent interaction appears (Fig 2b). In 
order to fit these spectra re have. used the follc~,ing expression for the 
theoretical R(t) : 

R(t) = Azz [gs + gd e;,p(-Kt)] G (t) (2) 
Z 

~,here Azz is the experimental anisotropy., k gives account of the rela::ation 
introduced by the fluctuatin~ field and Gz(t) is given by equation (I). g, and 
gd acc~ts for the relative importance of the static and dynamic 
interactions. 

I00 

[ 50 of' 
I I 

i o  �88 

.5 
0 

111 

.5 0 I I 

30 

(Mrad/s) 

TiIiIiIirl,i,iIIII,Ir  

w v - O  

"Ii' 1  ii,IiIl IiiiIl, iiIi  
900 i000 Ii00 1200 i300 

T(K) 
Figure 3: The hyper{ine interactions parameters for U1e two sites (~ 
~] ) of indiL~n in galliuu, oxide are sh~n as a fL~lction of annealing 
t~nperature. The relative population f of the sites are plotted in 
the first box. 

3. Discussion and conclusions. 

From the knc~ledge of tl~ transformations of gallitvn oxide and the X-ray 
diffraction analysis, we ce~l assign the higheat t~nperature result to the /~- 
form. The hyperfine interactions parameters are: 

= 17.4 Mrad/s ~ = .15 
Q I s 

The crystal stl~icture of /3 - G~xzOa i~as tw~ sit&~ for the metallic ion. 
After the formation of /9 - form indiLun occupies tw~ sites in t~e crystal. The 
population ratio is I:i. E~th sites are probably the ga]liL~ ones in that 
str~icture. Annealing treatments produce the depletion of one site in profit of 
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the other one. The prefer~ntial site n~.~sl; be Lhe c~ztal~Jrally coordinated 
one. as sh~,_tld be e;;~xec_te~J by cc~;~pa,'-ism with tl~_-, s . i x fo ld  coordinatim of 
indiL~n in the two sites of InzO~. 

The time dependent interaction which appears beloe~ EKx') K, l~s similar 
characteristics to tl~e one foLr in indiL~ sesquio;:ide. The e:;pression (2) is 
appropriated to de-=tribe tk~ perturbatien and includo~ the perturbation factor 
discussed in Ref. I. There are at least two p~sible physical models connected 
with =-~tch a perturbation factor. The consequence of U~se t~o possibilities 
will be_ discussed in a forthcoming paper. 16 spate o f  this embiguity we can 
compsro t h e  pr~e~t rcc=ults with those o f  indi~m~ o::ide e~d get a value for the 
difference AE of t~e activation energy for tle r-{:m~va] of the dynamic effect 
in both cc~,po~ds. In figure (4) is plotted the ratio ~ bet~.~n the dynamic gd 
and tl~ static g~ contriL~ttions versus temperature . From t~e shift in the 
curves we cart estimat~x~ a AE = 14 nev. 
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Figure 4: The parameter ~ = gd/gB is plotted versus measurement 
temperature . Data for- Xliln in Gaze3 ( ~ ), Inz03 ( 0 ) and InzO3:Sn 
([3) are included. ]he data for indiL~ o::ide; pure and tin doped~ 
~e, re takerl fr om Ref.1. 
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