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Fe3t electron paramagnetic resonance study of a YCaAl@single crystal:
Study of substitutional disorder
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X(~9.7 GHz) andQ(~35.6) band EPR measurements on a single crystal df Féoped YCaAlQ are
performed to investigate the effect of substitutional disorder upon introduction®6fiBas in this crystal. A
model is proposed which takes into account the distribution of the orientations of the magargis of the
various F&" ions in a Gaussian manner about thexis of the crystal, accounting satisfactorily for the
observed angular variation of the FeEPR linewidth due to substitutional disorder. The parameters of this
model serve to characterize the disorder. In addition, tHé Bpin Hamilton parameters were estimated from
EPR line positions at 4.2, 77, and 295 K. In particular, th& Feero-field splitting parameteb'g was found to
have a rather large value, 6f35 GHz for an inorganic host crystal.
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. INTRODUCTION YCaAlO, single crystal in the 4.2—295-K range at the
band and at 77 and 295 K at tigband. The linewidth data

YCaAlQ, is an interesting crystal, because its structure isare exploited to study substitutional disorder, while the EPR
similar to that of superconducting oxide materials, such asgine positions are used to estimate®Fespin-Hamiltonian
La, ,Sr,CuQ,, and this material is potentially useful as a parameters in YCaAlQat 295, 77, and 4.2 K.
solid-state lasérowing to the large crystal-field splitting,
associated with a rather large zero-field-splitti@-S pa-
rameterbd. Although the ¥ and C&" ions substitute at
the same crystallographic position in the lattice of YCaAlO, single crystals doped with 0.2% and 2% of
YCaAlO,, they possess different charges. This difference irFe,O; were grown by the Czochralski technidieom melts
charges leads to a distribution of the crystal field at variougprepared in iridium crucibles with the compounds
AI®" sites, referred to as substitutional disorder hereafter. IEaCQ(3N):Y,05(3N):Al,05(3N)=2:1:1 in an argon gas
is expected to be reflected in the EPR spectrum of thé Fe atmosphere. The pulling and seed-rotation rates used were
impurity ion in this lattice, exhibiting an inhomogeneous 0.8—3.0 mm/h and 3-5 rpm, respectively. The resulting ingot
broadening of EPR lines. In YCaAlQ the magnetic axes of was cut and polished into samples with approximate dimen-
the impurity ions should be preferentially oriented along thesions 1x 1x 1 mn?. The cleavage plane is th801) plane.
crystallographicc axis. This fact was used to orient the crystal.

EPR studies on ¥i", V4", and CF* ions in YCaAIQ,
crystals were carried out by Yamaga and co-workefs.
They exploited the EPR spectra of these ions to investigate
substitutional disorder in the YCaAlOcrystal. For C¥*
they observed five different sets of EPR spectra, due to both
ordered(with narrow EPR lines, 5 mT wideand disordered
(with very wide EPR lines;~45 mT wide configurations of
neighbor Ca and Y ions. Two of these exhibited orthorhom-
bic site symmetry, with the magnetit; X andy axes being
coincident with thg110], [110], and[001] crystallographic
axes, respectively, characterized by two different sets of spin
Hamiltonian parameters. The third one, with a relatively very PY
small value of the ZFS parameter, was found to possess a O ca*
nearly octahedral symmetry. It was concluded that there ex-

Il. SAMPLE PREPARATION AND CRYSTAL STRUCTURE

isted ordered configurations of €aand Y¥* ions in these L
cases, and some of these configurati@m®wn in Fig. 1 can O o
be related to these three EPR spectra, as discussed by o

Yamagaet al* The remaining two sets of EPR spectra also o AP

exhibited an orthorhombic site symmetry, but with the re-

spective magnetiz axes being noncoincident with tloeaxis

of the crystal, ascribed to disordered configurations of'Ca

and Y7 ions. FIG. 1. The ordered configurations of Y and C&" ions in the
In this paper, F&" EPR studies are reported on a structure of YCaAIQ crystal.
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FIG. 3. EPR spectrum of the Feion in the more concentrated
sample with 2% F&" doping at 295 K forB parallel to the mag-
netic z axis in YCaAIQ, at 9.79 GHz. The inset shows the corre-
sponding spectrum at 35.69 GHz.

plane at 295 K; the inset of this figure shows the correspond-
ing angular variation at th® band. In Fig. 5 are shown the
angular variations of the line positions for rotation Bfin

the (001) plane; with the inset showing corresponding varia-
tion at theQ band(35.97 GHz.

FIG. 2. The unit-cell structure of the YCaAlQrystal. YCaAlOQ, crystal with low Fe* doping (0.2%) There

The unit-cell structure of the YCaAl(xrystal is shown in 400
Fig. 2; it possesses a tetragonal symmetry characterized b
the space group4/mmmn(Dy/).> The unit-cell parameters
area=b=3.6451 A andc=11.8743 A. The distances be-
tween the A" and G~ ions, located along th@andc axes,
are 1.821 and 1.992 A, respectively. The point-grésipe)
symmetry at the A" site substituted for by the B& ion,
situated at the center of an oxygen tetrahedron nisy(te-
tragona). Although the C&" and Y** ions have different
charges,+2|e| and +3|e|, respectively, wherdg| is the
magnitude of the electron’s charge, they occupy the same
crystallographic positions in the unit cell, as seen from Fig.
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Ill. EPR SPECTRA oO+————TT7T T T T T T T T T T
-120 -90 -60'-30 '0 30 60 9.0 .120 150 180 210 240
The Q- and X-band measurements were made on Varian Orientation of magnetic field (angles)
and Bruker spectrometers, respectively; the latter was . .
P P Y FIG. 4. Simulated and observe@ the more concentrated

equipped with an Oxford Instruments helium gas-flow Cry_sample with 2% F& doping angular variations of Fé EPR line
ostat. TheX-band measurements were carried out at room

o 4 )
(295 K), liquid-nitrogen (77 K), and liquid helium(4.2 K) positions for F&" ions | and Il at 295 K in YCaAlQ for the

. . orientation ofB in the magnetiq110 plane, coincident with the
and in the temperature range 120-300 K, while thos® at magneticzx plane for F&* | ion, at 9.79 GHz. The inset shows
band were done at 295 and 77 K.

- i . similar plots at 35.69 GHz. The continuous lines represent simula-
Figures 3—7 show details of EPR spectra in the YCaAIO jons, while the points represent experimental values. The variations

single crystal with 2% F& doping. The room-temperature symmetric to thec axis represent EPR lines for the ¥el ion,
Fe** EPR spectra at the andQ bands are shown in Fig. 3 while those symmetric te-52° represent EPR lines for the Fell
for the orientation of the external magnetic fied),along the  ion. The glasslike invariant lines at theéband observed at about
crystalc axis. In Fig. 4 we show the angular variations of the 240, 300, and 350 mT correspond to thosé 'F@ns which see
line positions at theX band for rotation ofB in the (110 random environments about them.
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FIG. 5. Observed angular variations of’feEPR line positions
at 295 K in YCaAIQ in the more concentrated sample with 2%

Fe** doping for the orientation oB in the magnetiq001) plane,
coincident with the magnetigy plane for the F&" | ion, at 9.79
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FIG. 7. Observed angular variation of the®FeEPR linewidth
at 295 K in the magnetizx plane, coincident with th€110) plane,
at theX band(9.79 GH2 and theQ band(35.69 GHz in the more
concentrated sample with 2% ¥e doping. The continuous Ines
show fits to Eq(6.3), with the parameters given by E(6.4).

GHz. The solid circles, insensitive to rotation, show line positions

corresponding to the Bé& | ion, while the other line positions cor-
respond to the Fé Il ion. The inset shows the corresponding an-
gular variation at theQ band(35.97 GHz.

appears only an EPR spectrum corresponding to tié Fe
ion in this sample. This ion substitutes itself at thé Akite.

three sets of magnetically inequivalent spectra, described as
follows.

Sets | and Il These spectra reveal the existence of two
magnetically inequivalent Bé ions, referred to hereafter as
ions| andll, with the two respective magneticaxes being
oriented parallel to the axis and at an angle of52° from
the ¢ axis, respectively(The magneticz, x andy axes are

This site is easily occupied, since it requires no charge comdefined to be those directions of the external magnetic field
pensation, the ionic radii of these two ions being close tdor which extrema of line positions are observed; of these,

each other: 0.51 A for A" and 0.64 A for F&*. The ori-

entation of the magnetiz axis for this ion is expected to be

parallel to thec axis, consistent with experimental data.
Crystal with 2%Fe** doping In this sample, there appear
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FIG. 6. Observed angular variations of the EPR linewidths for
Fe* 1 andll ions at 295 K in YCaAIQ in a more concentrated
sample with 2% F& doping for the orientation oB in the mag-
netic (110 plane at 9.79 GHz. The linewidths corresponding to the

the overall splitting of lines are maximum f& parallel to
the z axis and minimum foB parallel to they axis).

Set Il It is seen from Fig. 4 that there appear some EPR
lines at about 240, 300, and 350 mT, which do not exhibit
any angular variation. They can be ascribed to thosg Fe
ions, which are characterized by fully disordered arrange-
ment of Y and Ca atoms in their environments, leading to
glasslike spectra.

Fe** Il ion. Its spectrum appears only in the sample with
more concentrated dopin@%) of the F€' ions at theX
band. It is characterized by very wide EPR lines, up to 45
mT in width. Its EPR lines are observed only for a few
orientations ofB with respect to the axis. (At the Q band
no EPR lines were observed for this ion, as they were com-
pletely broadened oyt.The crystallographic locations for
substitution by F&" 1l ions can be deduced as follows by
noting the orientation of its magnetiz axis. The crystal
structure of YCaAIQ reveals that the line joining an Al
site with a neighbor ¥" site lies at+52° from thec axis in
the (110 plane, implying that the Fé ion Il is situated at
the Y3* site position, with its magnetizaxis pointed toward
the site of the adjacent Al ion. Now the ¥* ion, with an
ionic radius 0.893 A, is significantly larger than the’Feon
with an ionic radius 0.64 A. For this reason, the'Fél ion
becomes slightly displaced from the regular lattice site occu-
pied by an ¥* ion, resulting in the site symmetry being
lower than that it would be if it were situated at thé'y

Fe* | ion are connected to each other, while the linewidths correcrystallographic site. Further, it is noted that only one set of

sponding to the F& Il ion are left unconnected.

EPR spectra for the Bé Il ion, nonsymmetrical with respect
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to thec axis, was observed, although from structural consid- In Eq. (4.1), 0=<m=n, S=3 is the electronic spin of the
erations, there arexpectedtwo similar spectra foB in the ~ Fe** ion, ug is the Bohr magnetorB; are the SHP param-
(110 plane for ionll with the respective magnetiz axes  eters, andOl' are the Stevens spin operatorEigure 5 is
shifted from thec axis by +52° and—52°, as seen from Fig. consistent with the tetragonal symmetry “seen” by thé Fe

2 showing the unit-cell structure of YCaAJO The latter jon|, since the lines corresponding to this ion show predomi-
expected EPR spectrum for Fell ions was, however, not nantly axial symmetry perpendicular to thexis, coincident
observed here, implying that only one of the two possiblewith the ¢ axis, for the rotation oB in the (001 plane; the
Y®* sites is occupied by Fé Il ions in the sample doped fourfold symmetry dictated by th®? term in Eq.(4.1) is not

with 2% F€™ ions. _ . _ clearly seen here, presumably due to the rather negligible
It may be argued, looking at Fig. 4, that the*Fdons|  ya1ue of the parametes.
andll present in the sample, with 2% dopings of Feons, There are two aspects to be considered in the determina-

are physically equivalent if-26° corresponds to theaxis,  tjon of SHP's from the EPR line positions in this crystal.
and not 0° as determined here. That this is not true is showpjrst, the EPR line positions are not available for magnetic-
by the following reasonsti) The c axis is really oriented at  fig|d values higher than 0.35 T at theband. Second, due to

0°, since this is an easily identifiable direction being perpeniye rather large Fé ZFS parameterl:(2~30 GHz), there

dicular to the cleavagdp01), plane.(ii) The angular varia- result three well-separated kramers doubldts =5, M =

tion of linewidths for the iong andll do not at all show any +32, and M=+1), within which EPR transitiorié oceur
2 - =2/ 1

symmetry with respect to each other, as seen from Fig. 6

howing th | o fthe I dths foRFd only the transition within the+ 3 doublet being allowed. On
showing the anguiar varlatlon ofthe meW'...t STOrF8ONS e other hand, the observation of forbidden EPR transitions
I andll for rotation ofB in the (110) plane.(iii) The sample

with smaller doping(0.2% of F&* ions does not exhibit within the =3 and =2 doublets become possible due to a
. .. . . . . A4
any lines for the F&" Il ion, and(iv) As discussed above, mixing of wave functions by the spin Hamiltonidn, O,

i ; 5 —
structural considerations indicate a possible appearance Bf_ffm’ mclu;jmgl the opergtor$. a;:d Si'. (Here S.. =S,
another symmetrical EPR spectrum for thé Fél ion, dif- 1S, are the electron spin raising/lowering operafors.
ferent from that of the F€ | ion, which was not observed Smlce f“'{ angul_a_r va_r|at|on was here_:.observed onl_y for
here the + 5« — 5 transition, its EPR line positions for the orien-

Hereafter, the focus in this paper will be only on arf Fe tat|pn Of% awgy_from thez magnetic axis were L.Jse.d o
| ion substituting at the &I position, with its magnetia estimateb;. This is because the dependence of this line on

axis being parallel to the crystallographiexis, and its mag- bg_ mani_fests itself in second order @n perturbation theory for

netic zx plane being coincident with thé110) crystallo- orle_ntatlons ofB away from thez axis, due to the transfor-

graphic plane which is perpendicular to the cleavagey), mation of the spin oper_atoFsThls dep_endence reaches a

plane. This ion will be referred to hereafter as ariFeon ~ Maximum for an orientation d8 perpendicular to the axis.

unless stated otherwise. For this ion. it is found thet all Specifically, according to perturbation calculations of Ref. 6

expected “allowed” transitions (AM 1 MoM+1 quoted by Hendersoet al,’ the effectiveg value for the
- - 1 1 iti

whereM is the electronic magnetic quantum numberre T 24~z transition can be expressed as

observed, mainly due to the rather large value of the ZFS

parameter. Only the EPR transitiens < 3 was observed at =192+ (902 — g?)si 1/2{ — _o_gi’“BB ]
all orientations of the magnetic field at bota and Q-band 9(eff)={gi+ (997 —gp)sin 0} 1 -2 (2b3)? R
frequencies. The other observed transitions were “forbid- (4.2)
den,” being amongst, the Kramers doublets:  hare

—3/2-3/2 (AM=*3) and—5/2~5/2 (AM = *£5) transi-

tions. They were, however, observed only over narrow angu- (992 sir? 6— 2g, co< )

lar ranges for the orientation d due to increased line- F(6)=sir? 0 > > . 4.3
widths. Further, no EPR lines for the values ®$0.35 T (991 sir? 0+ gj cos’ 6)

were observed & band, since they were completely broad- s there also exist fourth-order parameters, theb‘ﬁ n Eq.
ened out due to increased linewidths. At tdand, no EPR (4.2 should be replaced by (fg—b4—10b°/3) 57 [Note
0 4 4 .

lines forB>1.3 T could be observed here, since this was the 2red 05
maximum available magnetic field. that the parameters=(§)b, and F=2b,,”> wherea andF

are the parameters used by Hendersoal.’) In Eq. (4.2),
g, (=1.991) andg, (=2.021) are they values for the F&"
IV. SPIN HAMILTONIAN PARAMETERS ion in YCaAIlQ,, as given in Table 1y is the angle between

The following spin Hamiltonian(SH) appropriate to te- B a”?' th.ez axis(.) Then thel valu?s (ﬁ(e),’ ex_pressing.the
tragonal symmetry was used to fit the EPR line positions tgontribution ofbj to the + 3z —3 transition line position,

evaluate the SH parameteSHP’S: are 0 and 1 foB being parallel to the andx axes, respec-
tively, indicating that this transition becomes more and more
m=0.4 sensitive tob asB is rotated away from the axis toward
_ the x(y) axis.
H= B,S,+9, (B,S+B + BhOy . . .
#el 918518, (BS+B,S))] n:22,4 n=n The particular dependence of the; — — 3 transition line

4.1 positions orbg for various orientations dB in the zx plane,
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TABLE |. Spin Hamiltonian parameters for the ¥el ion in YCaAlQ, single crystal. Thebg(ESBgzD) values are in GHz, while the
g values are dimensionless. Here sample (GHin(AEica'/h— vi)zlaiz; o;=[0.1+cos@)] and o;=3[ 0.1+ cos()] for each data point at
9.79 and 35.69 GHz, respectively. Hatdés the angle betweeB and thez axis, coincident with the axis. The extra factor 3 ior; at the
Q band takes into account the increased linewidth from that aKthand. A total of 263 lines at room temperatt®9 lines at 9.79 GHz
and 64 lines at 35.69 Ghizvere simultaneously fitted for the various orientations of the external magnetic field x gmel xy magnetic
planes of the F¥" | ion. RMSL (GHz)=(SMD/n)*?, wheren is the number of lines simultaneously fitted, represents the mean deviation
per calculated line from the microwave frequency. OX¥#pand data were available at 4.2 K.

Temperature
Frequency(GHz) (K) g g, b3 RMSL
9.79+35.69 295 1.9910.018 2.0210.006 34.7#0.7 0.28
9.61+35.69 77 1.986:0.023 2.026:0.012 35411 0.31
9.61 4.2 2.06:0.05 2.06-0.05 36.0-2.0 0.79

as exhibited by they(eff) value given by Eq(4.2), can be
exploited to a better determination bf. This is accom-

tribution of Ca and Y ions in the lattice, which possess dif-
ferent charges although they are situated at the same crystal-

plished by significantly increasing the contribution of line lographic position. As a result, there occurs a distribution of
positions to they? value in the determination of the spin the magnetiz axes of the various Fe@omplexes about the

Hamiltonian parameters as the orientation Bfis rotated
from the z axis toward thex(y) axis. Accordingly, the fol-
lowing orientation-dependent facter;(#) was used in the
x? value:

oi(6)=p[0.1+cog 6)], (4.4

wherep=1.0, 3.0 forX and Q bands, respectively, taking
into account the relative linewidths at the two bands.
The x? value here is defined as

x?=2, (AE /h—v)?oi(0)2. (4.5)

¢ axis. This leads to an inhomogeneous broadening of EPR
lines, since EPR transitions for differently oriented Féons
occur at different magnetic-field values for a given orienta-
tion of B. Further, the distribution of the Ca and Y ions, the
so-called “apical” ions, which lie on the axis above and
below the F&" ions, leads to three values b, somewhat
different from each other, corresponding to three different
relative configurations of these two apical ions: Ca-Ca, Y-Y
and Ca-Y(Y-Ca). This leads to additional broadening, as
well as to slightly asymmetrical shape of EPR lines for the
orientation ofB along the magnetiz axis, as seen from Fig.
3.

In Eq. (4.3), AE; is the calculated energy difference betweeny|. A MODEL FOR THE ORIENTATIONAL DEPENDENCE

the levels participating in the resonanteis Planck’s con-
stant, andy; is the frequency of the klystron for thigh
transition line. It is seen that the weight factoro¥/6)2,

OF THE EPR LINEWIDTH

A model is proposed here to account for the observed

measuring the relative contribution of the various line posi-2ngular variation of the EPR linewidthBy,, as shown in

tions to they? value, increases from about unity to 100Bas
approaches the (y) axis from thez axis. The SHP'y,, g, ,
and bg for an FE™ ion in a single crystal of YCaAlQwere

estimated at 295 and 77 K from a simultaneous fitting of th

EPR line positions observed at several orientationB,afs-
ing a least-squares-fitting proceddrayith the orientation-
dependeny? value defined above by E¢4.5), in conjunc-

tion with matrix diagonalization. Further, the line positions
observed at 9.79 and 35.69 GHz were fitted simultaneousl

Fig. 6, characterized by a maximum-a20° from thec axis
at bothX and Q bands. The model is based on the fact that
the linewidth is due mainly to the angular dependence of the

éine position on the orientation d8 with respect to thez

axis, and there exists a distribution of the orientations of the
magneticz axes of the various Pé ions in the crystal about
the c-axis. The details are as follows.
The observed angular variation of the>FeEPR reso-
ance line for the- 3« +3 transition of an F&" ion, as

at 295 and 77 K. At 4.2 K, EPR data could only be observe hown in Fig. 4, can be considered to be due to an effective

at theX band, since ou@-band spectrometer is not equipped

with a liquid-helium temperature accessory.

The resulting values of SHP’s are listed in Table I. The
fourth-order parameterb}' could not be determined pre-
cisely due to large linewidths. Based on these SHP’s, the

spinS=13:

hv

g \OZ SiP(6,— 0) + 92 cog(6,— 6)
(6.1

Br( 6! 01) =

angular variations of line positions were simulated at 9.79

and 35.69 GHz. These are also shown in Fig. 4.

V. EFFECT OF DISORDER ON THE EPR LINEWIDTH

There exists disorder in the orientation of thaxes of the
various Fé" ions about the axis in YCaAlQ,, due to dis-

In Eqg. (6.1), # and 6, are the angles made by the magnetic
axis of the F&* ion under consideration with respect Bo
and thec axis, respectively; thusé;— ) is the angle be-
tweenB and thec axis.g, (=g,=2.0) andg, (=g, =6.0)
are the observegvalues of the— 3 < + 3 transition, parallel
and perpendicular to the crystallographiexis (Fig. 4), the

104435-5
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crystallographiac axis being parallel to the average orienta-
tion of the various magnetiz axes as found here from the
angular variation of EPR line positions.

It is noted that a similar analysis of the3« + 1 transi-
tion in terms of an effectivg value for the F&" ion in MgO
was made by Henderscet al,’” g(eff), given by Eq.(4.2),

PHYSICAL REVIEW B65 104435

cies, within experimental error. From the closeness of the
values ofC, o4, anda for the two bands, as given by Egs.
(6.4), and the respective values Afbeing in proportion to
klystron frequency, it is tempting to fit simultaneously the
observed linewidth aX and Q bands to the same set of
parameters. This yields the following values of the param-

using the perturbation expressions derived in Ref. 6, takingters:
into account the effect of the zero-field splitting parameter

bJ. Their expressiofiEq. (4.2)], is consistent with that given
by Eq. (6.1) if the b3-dependent term in curly brackets is

A=0.979% mT, C=0.0018, ¢,=11.3°, a=25.2°,

(6.5

replaced by 1. This approximation is justified here owing to

the rather large value dfs which leads to 2, ugB/2b3)?
~1/25.

Now the linewidth is expected to be proportional to the

angular derivativedB, (6, 6,)/d@ as a function of the orien-
tation of B, because the larger this derivatives the larger th
shift of the EPR line position with a variation d@ with
respect to the magneticaxis for a given F&' ion. Specifi-
cally, from Eq.(6.1) one obtains.

h (g2—g2)sin2(6,— 6)]
"~ 2ug [gZsi(6;,— 6) +gZcod(0,— 0)]%7
(6.2

dBr(anal) _
de

wherev is the klystron frequency in GHz: 9.79 GHz for the
X band and 35.69 GHz for th®@ band.

The angular variation of the observed®FeEPR line-
widths for the— 3« 3 transition atX andQ bands, as func-

éions of the angle between tloeaxis of the crystal an@&, are

Shown in Fig. 7 together with the simulated linewidths cal-
culated using the values given by E@.5). It is seen from
this figure that the simulated linewidth correctly account for
the shape of angular variation and occurrence of the maxi-
mum of the EPR linewidth af~20°, as well as the depen-
dence of linewidths on the klystron frequeneyln particu-

lar, it is seen from Eqg6.3) and(6.2), in the light of the two
sets of data being described by the same values, @nd «,

If one now also takes into account the distribution of thethat the observed linewidth at any orientatiorBois, indeed,

magneticz axes of the orientations of the various®fFeéons
about thec axis over a small range-a ° about thec axis,
assuming a Gaussian distribution, proportional to [exp

proportional to klystron frequency.
Physical situation of the substitutional disordedn the
average, the axes of the various Reons in the YCaAIQ

—(6,/0,)?], the observed EPR linewidth can be expressedsingle crystal are distributed about thexis over an angular

by integrating over the various orientations, as:

« dBy(6,60,)

do EXF[—(Hlla'l)z]dﬁl.

(6.3

In Eq. (6.3, Ais the background linewidth, representing the
distribution-independent part of the linewidth. As seen be
low, it depends linearly om, the klystron frequency. As long
asa is not too large, such a model based on overlap of line
due to various distributed Bé z axes is valid.
The expression foAB,,, as given by Eq(6.3), was fit-

ted using Newton’s meth8do the experimentally observed
linewidths for the— 3« 3 transition for various orientations

ABpp(0)=A+CJ

—a

of B separately at 9.7 and 35.6 GHz. The following param-

eters were obtained:
A=9.57 mT, C=0.0015, ¢,=12.7°,

a=24.7° at theX band

(6.4
A=35.0 mT, C=0.0020, o,=9.5°,
a=28.2° at theQ band

As a result of fitting, the background linewidgis found

width =25° in a Gaussian manner, with the Gaussian width
being about 11°. This describes the disorder of thé*Fe

z axes superimposed over the regular arrangement of the
Fe*" ions at the regular lattice sites substituting for thé Al
ions. This produces an angular variation of the linewidth
over and above a constant background dependent upon the
klystron frequency(v GHz) equal to 0.98v. Together, all

these factors lead to occurrences of maxima in the EPR line-
idth for FE™ | ion for orientations ofB at about=+20°
rom thec axis.

VIl. CONCLUDING REMARKS

The FE' EPR linewidth data in YCaAlQobtained here
have been exploited t@) estimate spin-Hamiltonian param-
eters at 295, 77, and 4.2 K using the line positions; @ndo
study the substitutional disorder in the orientations of the
magneticz axes of the various Bé ions in YCaAIQ,.

Regarding the linewidth, a model has here been devel-
oped based on the disorder of*Ffemagneticz axes that
accounts satisfactorily for the observed angular variation of
the Fé™ EPR linewidth with the orientation of the magnetic
field.

to be proportional to the frequency. This is consistent with ~AS for SHP's, it is found that the value of the zero-field

the experimental data, since as seen from(Ed), the line-
width is equal toA at #=0°, because the integral in E@.3)
is zero for this value ob.

It is seen from the values in E¢.4) that the parameters
B ando; are found to be the same ¥tandQ-band frequen-

parameterb) is rather large for an inorganic host crystal,
~30-35 GHz, at various temperatures. Its value was esti-
mated, in the absence of oth&M = *1 transitions whose
line positions depend on the paramehérin the zero order

of perturbation, from the— 131 transition line position,
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whose value depends dng only in second order of pertur- aspect of this study is the use of the EPR technique to study
bation. Higher-frequency>50 GH2 EPR studies might be disorder in host crystals.

helpful for a more complete study due to the very large ZFS

characterizing the Fé ion in YCaAlO,. However, the in- AU LS SIS

crease in linewidth at higher frequencies due to orientational The authors are grateful to the Natural Sciences and En-
disorder andg-anisotropy/strain could be an impediment if gineering Research Council of Canada for partial financial
the lines become too broad to be observed. An importangupport.
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