
The fine-structure spin-Hamiltonian parameters in an electron paramagnetic resonance study

of Mn-doped Bi4Ge3O12

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1991 J. Phys.: Condens. Matter 3 7691

(http://iopscience.iop.org/0953-8984/3/39/014)

Download details:

IP Address: 171.66.16.96

The article was downloaded on 10/05/2010 at 19:58

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/3/39
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J .  Phys.: Condens. Matter3 (1991) 7691-7694. Printed in the UK 

The fine-structure spin-Hamiltonian parameters in an 
electron paramagnetic resonance study of Mn-doped 
Bi,Ge,O,, 

D Bravo and F J Lopez 
Departamento de Fisica Aplicada C-IV. Universidad Aut6noma de Madrid, Cantoblanco, 
E-28049 Madrid, Spain 

Received 12 March 1991, in final form 13 May 1991 

Abstract. A further studv of the sDin-Hamiltonian parameters for the trisonal defect which - 
3ppe3rrm Bi,Gc,O,,dopedaith hln-" ha- b e x  made Th i sdons  uIoer11matc the rotation 
anglc of the cubic field 3xes and to gain furlher insight into the neighbuurhood of the %In" 
BO" 

1. Introduction 

In a recent electron paramagnetic resonance (EPR) study of the Mnz+ ion in Bi4Ge30tZ 
[l] (X band), it has been determined that the Mnz+ ion enters the Bi3+ trigonal site 
without localcharge compensation. Also, information about the relaxation of the lattice 
in the neighbourhood of the impurity was obtained by means of Newman's [2, 31 
superposition model, which deals with the fine-structure spin-Hamiltonian parameters. 

As can be seen in figure 1, the six oxygen ions around the Bi'+ site are arranged in a 
distorted octahedron along the (111) directions, which are C, axes for the Bi3+ sites. 
Moreover, there are two sites, labelled 1 and 2, for the Bi3+ ions in Bi4Ge,012, which 
are related by a reflection in a {llO} plane, and their cubic field axes are rotated by an 
angle fa = f 17.2" around the same (11 1) threefold axis [4]. The spherical coordinates 
for site 1 are as follows: R, = 2.149 8, 8, = 51.39" and Q ? ~  = 15.06' + n x 120" (n = 
0, 1, 2) for the three oxygen ions a; R, = 2.620a, Ob = 104.62" and pb = 84.86" + PI 
x 120" (n = 0, 1,2) for the three oxygen ions b. For site 2 the coordinates are the same 
except that pa = 104.94" + n x 120" and qb = 35.14" + n X 120" (n = 0,1,2). 

Therefore, there are eight non-equivalent sets of axes for the MnZ+ impurity in the 
Bi3+ site (two for every one of the four (111) directions or 2 axes). Thus, when the 
magnetic field is in an arbitrary direction, these eight sets of axes give rise to an EPR 
spectrum which consists of 40 sextets of lines corresponding to the allowed electronic 
transitions. However, the situation is simplified if the magnetic field lies in a principal 
plane such as (IIO), where the lines of the defects at sites 1 and 2 for the [I1 11 direction 
coincide, as well as those for defects 1 and 2 for the [ I l i ]  direction. Still further 
simplification results when the magnetic field is along a (loo), (1 10) or (11 1) direction. 
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Site 1 

- ... I 

Figure 1. Projections of the coordination of oxygen ions 0. and Ob around two contiguous 
Bi" sites I (-) and 2 (---) along a (111) direction in BirGe,Olt: ( n )  projection onto 
the (112) plane; (6) projection onto the (111)  piane. In ( b )  the projections of the (100) 
crystallographic axes are ai= shown, together with the projections 01 the E ,  and E2 cubic 
crystal field axes for sites 1 and 2. respectively. See text for explanation of the angles o and 
d .  and for the spherical coordinates of the oxygen ions. 

According to the above considerations, the appropriate spin Hamiltonian to analyse 
this trigonal defect is (S = h, I = 4) 

%=G!BHzSz+g#(HxSx +H,Sy)+&dS$ +$ +g$ -kS(S+ 1) [3S(S+ 1) - 111 
+ D[S.$ - fS(S + l)] + &F[35Si - 30S(S + 1)s; + 253; 

- 6 S ( S  + 1) + 3S'(S + I)*] + AllSzfz + A , ( S , f x  + S y f i )  - g , P , , H .  f 

(1) 

where X, Y, Z is the defect axes system (Z[1(111)) and Eqt  are the axes for the 
fourth-order cubic crystal-field term, which are different for the two sites 1 and 2 along 
the same (111) direction. This situation produces a splitting of the lines correspond- 
ing to these two sites in the EPR spectrum for an arbitrary orientation of the magnetic 
field. Other common expressions for the spin Hamiltonian use the parameters B: or 
b: ( D  = 3B: = bi,  a = ( 9 / d ) B i ,  F- a = lSOBg, b r  = 6087). 

In the previous work [l], it was determined that the oxygen ligands strongly relax 
around the Mn2+ ion. In fact, there are small ranges in which the possible values of their 
spherical coordinates R and 8 must lie: R,  = 2.1 I+_ 0.05 A, R,  = 2.2 2 0.1 A, ea = 
55 & 5" and eb = 125 2 9". Therefore, it was concluded that the neighbourhood tends to 
form an almost regular octahedron of MnOia-. These coordinates for the six oxygen 
ions were obtained from the experimental values of the isotropic contribution (A,so) to 
the hyperfine interaction of Mn2+ and those of the fine-structure parameters b! and ba 
which were analysed by means of Newman's superposition model in [I]. 

The EPR spectra studied in [l] show a strong overlapping of the lines (which have a 
peak-to-peak widthof about 20 G). Thismakesit impossible to follow the whole angular 
variation of the EPR spectrum. Thus, the rotation angle * cuof the cubic field axes could 
not be determined experimentally, such as has been done for the Gd3* ioninBi,Ge30t2 
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[4, 51 according to the method first used by Geschwind [6]t. Therefore, the value 
obtained for B: in the previous study [l] must be regarded as an 'effective value' 
€3: (a = O"), because it was determined by considering that the axes of the crystal-field 
term B:O: are not rotatedaround the(111) threefold axis,i.e. thecubicfield axes were 
assumed to be coincident with the (100) crystallographic axes ( a  = Oo). 

In this work a further study has been made which allows us to obtain an estimation 
of the angle (Y and thus the true value of B:. This also gives further insight into the 
neighbourhood of the Mn2+ ion in Bi4Ge,012. 

2. Estimation of the angle (Y and the true value of B: 

First of all, we shall describe the method for obtaining the value of B: as a function of 
the angle (Y considered and of the measured B: (n = 0"). For this purpose, we use the 
perturbative expressions for the resonant fields of a 3d5 ion in an axially distorted cubic 
field, given by Bleaney and Trenam [7]. In these expressions we consider only the first- 
order contribution to the position of the resonance lines, because in our case the second- 
order corrections due to the BTU? terms are negligible. 

The first-order contribution to the /&$)-t I+$) resonance lines is given by 
2D(3 cos2 8 - 1) + 2pa + (q/6)F, where D = 3Bq = &! ,a  = (9/%'2)B: and F - a = 
BOB! (by = 605T) are the fine-structure parameters and 8 is the angle between the 
magnetic field and the (111) trigonal axis. The angular factors are q = 
35 cos4 8 - 30 cos2 8 + 3, p = 1 - 5 q  (q = 12m2 + m2n2 + and ( I ,  m, n) are the 
director cosines of the magnetic field in the 5115 cubic axes of the crystalline field. 

The Contribution to first order from the fourth-order terms is2pa + (q/6)Fand both 
terms depends on a. This can be expressed as 

2pa + (q/6)F= (2p + q/6)a + (q/6)(F- a) = ( 9 / d ) ( 2 p  + q/6)B: + 180(q/6)B2 

(2) 
wherethetermwith B9 doesnotdependona.Therefore,foragivenvalueof 8(qfixed), 
different valuesof the angle a(which imply different setsofcubicaxes) provide different 
values of Bi since the value of p changes. In the previous work [I] the value of the 
parameter a was determined to be a = (11.5 * 1.3) x lO-'cm-', i.e. B: = (1.8 t 
0.2) X cm-',byassumingthatn = O".Then,what hasactuallybeenobtainedisthe 
quant i ty(9/~)[2p(n=Oo) + q/6]B:(a= O"),wherep(n.=O")isthevalueofpfora= 
0". Therefore, for different values of n the following relation is obtained: 

which can be used to calculate the true value of Ba if one knows the correct value of a. 
Moreover, when the magnetic field lies in a {l lO} plane the 'effective' value of B: does 
not depend on the angle 8, but only on the value of a through equation (3). We have 
taken into account only the expressions for the I+$)+ 12%) resonance lines, although 

t It is to be noted that the X, Y, Z set of axes used by Fisher and Waldner [4] is different from that used in 
thiswork. Here we have takenthesameconventionasused byGeschwind[6].i.e. theXaxisistheprojection 
of the [lM] crystallographic axis in the (111) plane (see figure 1). Moreover, the angle used in [4]. that we 
label (Y' in figure 1 ,  is related to our angle o( by e' = 60" - e. Thus, the case o( = 0' corresponding to a set of 
cubic axes coincident with the crystallographic axes. is the same as (Y' = 6(P for the se1 used in [41. 
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the same results can be obtained by using the first-order perturbative expressions for the 
I*$)+ 1'4) resonance lines. 

The next step deals with the value of the angle a. This angle of rotation of the cubic 
field axes can be evaluated from the positions of the six oxygen ions by using a point- 
charge model (PCM) [4]. The angle cu(PCM) = 17.2" for the Bi3+ site (see figure 1) has 
been obtained from the positions of nuclei known from neutron diffraction data [4]. 
However, for the case of the Gd3+ ion in the Bi3+ site [4 ,5]  the angle ~ ( E P R )  = 22.4" 
directly measured by EPR is somewhat different. This change has been interpreted by 
Fisher and Waldner [4] as due to deformations of the surroundings of the impurity. 
Therefore, in the case of Mn*+, a change in the value of a is also expected, because the 
surroundings of this ion have been proved to relax considerably [I]. 

Inordertoestimate thevalueofaandthetruevalueof Bi,thecalculationprocedure 
is as follows. First, we obtain the value of 8; by means of the superposition model [l] 
from a set of values of R,, Rh, 0.. Ob (included in the intervals given above) and one 
value of q?.close to that of the perfect latticet. Second, the value of ~ ( P C M )  is calculated 
for the same set of spherical coordinates by the PCM method [4] and the value of B i  is 
obtained again with (3). Next, qa is varied until the values of Bd calculated by both 
methods coincide. This provides a consistent solution for qa, a and E:. The process is 
repeated, by scanning the intervals for R,, R,, 8,, Oh given above, to obtain the valid 
intervals for pa, cuand E:. The results are va = 10.1 * 2.0". CY = 14.4 5 1.3" and B: = 
(2.5 2 0.3) x cm-'. 

cm-' given in 111, 
because the new value is consistent with that provided by the superposition model. 
Moreover, the value obtained for cu (= 14.4") is very reasonable; it is even less different 
from the value ~ ( K M )  = 17.2" for the perfect lattice, than the value cu(Gd3') = 22.4" 
measured by EPR for Gd3+ [4]. 

D Bravo and F J  Ldper 

This value of B: must be more correct than B: = 1.8 X 
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