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A Mossbauer-effect experiment, with y-ray wave vector k directed both along and normal to the ¢ axis
of a siderite (FeCO,) single-crystal platelet, has been systematically performed in the temperature range
50< T <300 K. The T dependence of the integrated area S(T)=S,(T)+S,(T) under the quadrupole
doublet reveals that at 300 K the Debye-Waller factors are f, =0.72(2) and f,. =0.75(2). Independently,
the area ratios S, /S, under the 7 and o quadrupole components, measured at 300 K, confirm the lack
of a spatial anisotropy of the f factor but, more significantly, confirm the theoretically predicted
polarization-dependent resonant-absorption cross section in transmission through the crystal.

I. INTRODUCTION

The mineral siderite (FeCO3) has the calcite structure,
rhombohedral space group R 3c, in which the ¢ axis (optic
axis) possesses threefold rotational symmetry. The Fe*
cation in this structure is subject to a large electric-field
gradient (EFG), and this results in a well-resolved
quadrupolar doublet that characterizes the room-
temperature Mossbauer effect spectrum of this materi-
al.!”3 Point-group symmetry considerations require
the EFG in siderite to be axially symmetric
(1=(Vix—V,,)/V,,=0]; the EFG tensor can thus be
completely specified by V,, alone.

Nearly a quarter of a century ago, Goldanski et al.*
examined the area ratio S,/S,(6) of the 7 (+3—=+1)
and o (1—*1) quadrupole components as a function
of crystal orientation 6, measured with respect to the ¢
axis, and claimed a rather large spatial anisotropy
(f./f1c>3) of the Lamb-Mossbauer factor (f factor) in
siderite. These claims were disputed by Housley, Gonser,
and Grant,> who recognized that in their analysis Gol-
danski et al.* did not include fractional polarization of
the quadrupole components. When included in the
theory of resonant absorption, the fractional polarization
of the quadrupole components can alter the thickness
dependence of the measured area ratio S, /S, qualita-
tively for y-ray propagation along certain crystal direc-
tions. The direction 6= /2, corresponding to the y-ray
wave vector kl ¢ axis, happens to be one along which
pronounced polarization effects occur. The transmitted
v beam becomes partially polarized in this direction, and
area ratio S,/S, becomes more or less independent of
effective absorber thickness (x =noyf) at x > 5.

0163-1829/94/50(10)/6833(7)/$06.00 50

The work of Housley, Grant, and Gonser® on the

coherence and polarization effects of y radiation in
transmission through single crystals was well ahead of its
times. Their theory provides a means to establish the de-
gree of y-ray polarization by measuring the area ratio
S./S., and this is of current interest in the field of ¥ op-
tics. In an attempt to verify the theory, Housley, Gonser,
and Grant® performed area-ratio S, /S, measurements at
6= /2 for a siderite single-crystal sample. They found
the observed ratio to be somewhat larger than their
theoretical predictions,5 and this indicated less polariza-
tion of the transmitted beam than expected theoretically.
Housley, Gonser, and Grant® attributed this deviation to
the presence of impurities in their mineral sample. Nev-
ertheless, they concluded that the spatial anisotropy of
the f factor, if any, was likely to be small.

A direct and more accurate method to measure f fac-
tors is through T dependence of the integrated area
S(T)=8,06,T)+S,(0,T) in a Mossbauer effect experi-
ment. We also came to recognize that such experiments,
at any angle 6 in the range 0 <60 < /2, can be performed
with one FeCOj single-crystal absorber, provided it is cut
parallel to the cleavage plane and suitably oriented. We
have performed such experiments and have measured the
S factors for our FeCO; single-crystal sample, and ob-
tained f,=0.72(2) for k||c axis and f,.=0.75(2) for klc
at 300 K. This helps resolve the controversy on the f
factors in FeCO; in favor of the work of Housley,
Gonser, and Grant.> But more significantly, by measur-
ing f factors directly, we have established the effective
absorber thickness x| and x, of our single-crystal sample
for k|c and klc rather precisely. From a measurement of
the area ratio S,./S, at 6=m/2 and the effective ab-
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sorber thickness (x,) of our single-crystal sample, we
have been able quantitatively to confirm the theory of
Housley, Gonser, and Grant.> Our work thus provides
an experimental confirmation of the theory of y-ray po-
larization in transmission through a nonmagnetic and
noncubic crystal, using area ratios of the quadrupole
components as a polarimeter in Mossbauer spectroscopy.

II. EXPERIMENTAL DETAILS

A. Characterization of siderite

Our siderite sample comes from the cryolite locality of
Ivigtut, Greenland. It is light greenish yellow in color
and cleaves perfectly on the {1014} faces. (We use here
the structural cell rather than the conventional morpho-
logic cell.) It was characterized by x-ray Laue back
reflection and powder diffraction, chemical analysis, and
dc magnetometry. The Laue back-reflection patterns
displayed sharp spots indicative of the good single-crystal
character of our sample. The x-ray lattice parameters
were measured using both a Siemens D-500 and a Rigaku
powder diffractometer and found to be a =4.6930(5) A
and ¢ =15.377(3) A. Figure 1 displays a 6-26 scan of our
siderite sample. These parameters are strikingly close to
those [a =4.6935(2) A, ¢=15.3860(8) A] known’ for
other siderite samples from Ivigtut, Greenland. The pub-
lished® chemical analysis of such samples reveals 2.86
wt.% Mn and 0.20 wt.% Mg as the principal non-
stoichiometric components (0.09 Mn atoms and 0.01 Mg
atoms for every two Fe?' cations). We have confirmed
that Mn?" is present in our sample by means of induc-
tively coupled plasma (ICP) optical spectroscopy. It is
worthwhile to note that the lattice parameters reported
by Sharp’ for pure synthetic FeCO; are a =4.690 A and
c=15.370 A, quite close to those of our sample. This
suggests that the chemical purity of siderite samples from
Ivigtut, Greenland is in rather good accord with our ICP
analysis. Using an EG&G-PAR vibrating-sample magne-
tometer, we measured the T dependence of the magnetic
susceptibility y(7T) and observed a cusp at Ty =39.3(5) K
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FIG. 1. X-ray 6-20 scan of FeCO,; taken with a Rigaku
D-2000 powder diffractometer displaying peaks of the rhom-
bohedral phase. The peaks are a close match to the JCPDS file
No. 29-696 identified with siderite from Ivigtut, Greenland.
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FIG. 2. Magnetic susceptibility x(T) of FeCO; as a function
of temperature displaying a cusp at the Néel temperature
Ty=39.3(2) K.

(see Fig. 2), which we identify as the antiferromagnetic
transition temperature of our siderite sample. Okiji and
Kanamori® established the Néel temperature of a synthet-
ic FeCO; sample at Ty=38.3 K by Mossbauer-
spectroscopy measurements.

B. Preparation and mounting
of the FeCOQj single-crystal absorber

We cleaved a ~1 mm thick platelet of 1.2X1.2 cm?
area from the siderite crystal. The platelet was polished
on both sides and mounted for support on a thin silica
flat reduced in thickness to 148+(10) um using a grind-
ing wheel. The thickness of the sample was optically
verified using a Nikon microscope. Supporting the sam-
ple on an optically transparent flat served both to inhibit
chipping the sample with grinding and to facilitate opti-
cal alignment of the crystal. The angle between the optic
axis and the cleavage plane {1014} was next calculated to
be 46.6° from the measured lattice parameters; the y-z
plane [see Fig. 3(a)] containing the optic axis was
identified using a polarizing microscope.

As illustrated in Fig. 4, the free surface of the sample
(S) was next supported on a thin 0.005-in Be disk (B) with
a thermally conducting vanish. The Be disk was mount-
ed on a specially designed oxygen-free high-purity
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FIG. 3. The figure schematically illustrates (a) direction of
the ¢ axis making an angle 7/2-a with respect to an FeCO,
single-crystal platelet (xy), (b) rotation of the platelet by a =46’
about the x axis brings the ¢ axis perpendicular to the y axis,
while in (c) a rotation of the sample by 7 about the normal to
the platelet (z’) brings the ¢ axis prallel to the y axis. In our ex-
periments the y-ray wave vector k is along the y axis.
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FIG. 4. Experimental setup used for T7-dependent
Mossbauer-effect experiments on FeCO;: The single-crystal
sample (S) varnished on to a Be disk (B) is mounted on a Cu
holder (H) with a Cu ring (R) and In gaskets (not shown). The
holder H is screwed into the cold finger (D) of a He closed-cycle
cryostat. The finger D is mechanically isolated from the cold
head (not shown) and cooled by He exchange gas. The radiation
shield (C) and Al vacuum shroud (A) provide isolation of the
cold stage from ambient. The temperature of the sample is mea-
sured by a Si diode (T;) anchored to the holder H, while the
temperature control of the assembly is achieved by a heater and
a control Si-diode sensor (7). The Mossbauer emitter (E) at
room temperature moves to and fro along the horizontal axis
and the transmitted y radiation through the absorber S detected
by a proportional counter (not shown) at the far end.

(OFHP) Cu sample holder (H) with In O-ring gaskets (not
shown in Fig. 4) and a Cu clamping ring (R). This ar-
rangement was found sufficient to achieve intimate
thermal contact between the sample and cold finger for
T-dependent experiments. The Cu surface on which the
Be disk was supported made an angle a=~47° with the
vertical axis (Fig. 4). This permitted the y-ray wave vec-
tor k to be oriented perpendicular to the ¢ axis [Fig. 3(b)].
The Cu holder was screwed into a cold finger (D) of a
DMX-20 He closed-cycle cryostat from APD, Inc. We
have previously shown!® that this closed-cycle system,
when suitably mounted, is vibration free so that there is
no line broadening on the inner two lines of a-Fe. To ob-
tain the k||c-axis geometry, the Be disk was merely rotat-
ed by 7 on its supported surface, as illustrated in Fig.
3(c).

C. Mossbauer-effect methodology and results

The principal results of our work appear in Figs. 5-7.
The spectra were recorded in a 512-channel analyzer us-
ing an MCS-II PC card from Oxford Instruments. A 10-
mC %'Co source in Rh metal was used as an emitter and
the y rays detected in a 2-atm-filled Kr proportional
counter. Typical spectra obtained at room temperature
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FIG. 5. Room-temperature Mdssbauer spectra of an FeCO;
single crystal for y-ray wave vector k||c axis (top) and klc axis
(bottom).

are displayed in Fig. 5. These were fitted to two
Lorentzian line shapes using least-squares methods with
no restrictions on line positions, intensities, and full
widths at half maximum (I"). The room-temperature
Mossbauer parameters of our FeCO,; sample reveal an
isomer shift §=1.002(4) mm/s relative to a-Fe and a
quadrupole splitting of 1.770(4) mm/s. Table I provides
a summary of the area-ratio S,/S,(0) results. The T
dependence of the integrated area (S, /S, ) under the res-
onance is shown in Fig. 6. In this figure the solid curve
through the data points is a least-squares fit of the in-
tegrated area to a Debye density of vibrational states.
This yields an effective Debye temperature 8, =359(7)
for k||c axis and a 6, =386(8) for klc axis. Given these
vibrational temperatures, we obtain f factors at 300 K of

£.=0.72(2), f,.=0.75(2).

The present results yield no measurable spatial anisotro-
py of the Debye-Waller factor in our FeCO, sample, and
this is a point we will discuss comprehensively in the next
section. Given these Debye-Waller factors, we have cal-
culated the effective absorber thickness x of our sample
as follows. We have taken the thickness of our platelet
tilted at 43.4° with respect to the vertical axis at 148

TABLE 1. Area ratio S, /S, deduced from observed intensity (/) and linewidth (T") for the 7 and o
quadrupole components for y-ray wave vector k|jc axis (6=0) and klc axis (6=m/2).

I, (%) I', (mm/s) 1, (%) I', (mm/s) S,/S,
6=0 18.87(8) 0.344(4) 12.50(9) 0.285(3) 1.83(2)
0=m/2 8.39(4) 0.354(4) 14.19(8) 0.357(3) 0.586(3)
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FIG. 6. T dependence of the integrated area S;(T) under the
nuclear resonance for y-ray wave vector k|c-axis (O) and 1 ¢
axis (O) of a single-crystal FeCQO; absorber. The solid lines are
a least-squares fit of the data points to a Debye density of states
yielding indicated Debye temperatures.

u/cos43.4°, the density of FeCO; at 3.93 g/cm?, and ob-
tain the number of >’Fe nuclei/cm?, n =8.48 X 10'3, after
correcting for Mn and Mg cation impurities in the crystal
sample. Taking the maximum resonant cross section
0p=2.57X10""" cm’ and f,=0.72(2), we obtain x,
=15.7(6). Since the f factor and absorber thickness for
the 6=m/2 geometry is nearly the same as the one for
the 6=0 geometry, the effective absorber thickness x| for
klc axis is found to be nearly the same [16.3(7)].

III. DISCUSSION

In our discussion, we will focus on two specific issues,
one related to the interpretation of the measured area ra-
tios S, /S, and the second on the spatial isotropy of the
recoil-free fraction ( f factor) in siderite.

A. Angular distributions
and sign of quadrupole interaction

The origin of the electric in FeCOj; has been the subject
of several earlier publications.!”®> The positive sign of
e?qQ is traced to an orbital doublet as the ground state of
the Fe** ion in a rhombic crystal field. This means that
the 7 transition (£ —=*3) has a higher energy than the
o transition (£1-—»>+1), and in the spectrum the 7 tran-
sition appears at a more positive velocity than the o tran-
sition, as shown in Fig. 5. The single-crystal results
presented here and elsewhere*> unequivocally support
the positive sign of e?qQ through the measured area
ratios Sm/So. For k|c axis (i.e., 6=0), in the thin-
absorber approximation (x;<1) one expects S./S,
=c,/c, =3 from the angular distributions c(8) of the =
and o quadrupole components,*>

¢, (0)=[1+1(3cos?0—1)]x , ()
¢, (0)=[1—1(3cos’0—1)]x , )
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while for klc axis (i.e., = /2), on the other hand, in the
thin-absorber approximation (x;, <1), one expects
=c,/c, =% from Egs. (1) and (2). At the outset, one can
clearly observe S, /S, >1 for k|c axis, while S /S, <1
for klc axis from the spectra of Fig. 5. The sense of the
asymmetries in the area ratios unequivocally supports a
positive sign of the quadrupole coupling in FeCO;. To
understand these S /S, results quantitatively in a crystal
of finite thickness is a more formidable task, as we discuss
next.

B. y-ray transmission
through a single crystal of finite thickness

In considering transmission of an incident y ray of
some polarization from a source through a single-crystal
absorber of finite thickness, in general, the polarization of
the radiation transmitted in the forward direction will be
different from that of the incident beam. This is largely
because the reemitted radiation from the first layer of nu-
clei in the absorber (after resonant absorption has oc-
curred) will have a polarization different from that of the
incident radiation. In a single-crystal absorber, one must
coherently add contributions to the resonant-absorption
amplitude of each successive layers of nuclei in the crys-
tal with due consideration to the changing polarization.
The index of refraction of the absorber medium can in
general be described in terms of a 2 X 2 density matrix'"!?
corresponding to the two possible independent states of
polarization of the radiation. Mathematically, the
transmission requires a calculation of the complex index
of refraction, with the real part describing polarization
changes, while the imaginary part represents the nuclear
resonant absorption. The complex index of refraction, n,
can be written!"!? in terms of F(k,k’), the coherent for-
ward scattering amplitude, as follows:

n=1+Q7N/k*>F(k,k’), (3)

where k and k' are the wave vectors of incident and scat-
tered radiation, and N the number of nuclei/cm?®. For y
propagation along specific crystal directions along which
the refractive-index matrix becomes diagonal, one can
calculate the transmission by regarding the incident y
beam to be made up of two components, with polariza-
tions corresponding to the basic polarization in which n
is diagonal.

1. y-ray k parallel to the c axis

As discussed by Housley, Gonser, and Grant,»® when

k is parallel to the trigonal axis of FeCO,, the refractive-
index matrix is diagonal in a basis of right and left-
handed circular polarizations and the fractional polariza-
tions @ =[(p;;—p2)/(p11—pP2)] of the 7 and o quadru-
pole components are zero, as seen by requiring 6=0 in
the equations>®

in2
a,(0)=—S00_ @
1+cos“6
a2
a,(0)= 300 (s)
5—3cos“0
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In writing Egs. (4) and (5) we have taken the asym-
metry parameter (7)) of the EFG to be zero. The thick-
ness dependence of the observed area ratio S, /S, for the
case of an absorber of effective thickness x reduces to the

expression
S, eqe " yle,/2)+1)(c,/2))] ©
So  cye “Uyle, /2)+ 1 (c, /2)]

used to describe>® saturation effects associated with an
unpolarized y-ray beam. In Eq. (6), I, and I, represent
Bessel functions of imaginary assignments. Figure 7(a)
shows a plot of Eq. (6) as a function of x. In the thin-
absorber limit as x —0, the area ratio S, /S, —3. With
increasing x, the area ratio S, /S, decreases systemati-
cally as shown in Fig. 7(a) and saturates at a value of
about 1.75 as x > 15. For the measured area ratio S, /S,
and the effective absorber thickness x, our data point in
Fig. 7(a) lies nicely on the theoretical curve.

2. y-ray wave vector k perpendicular to the c axis

For y-ray propagation normal to the ¢ axis, the situa-
tion is qualitatively different, however. Both the 7 and o
components are now fractionally polarized with a, =1
and a,=0.6 as determined by substituting 6=7/2 in
Egs. (4) and (5). Housley, Gonser, and Grant>$ demon-
strated that in this instance one can view the unpolarized
v ray from the source to be polarized into two com-
ponents of equal intensity with polarizations parallel and
normal to the partial polarizations of the 7 and o quad-
rupole components. The thickness dependence of the
area ratio S, /S, can now be obtained by calculating the
contributions to the area for the two polarizations sepa-
rately and then adding these contributions together:

S=%c(l+a)e_‘“+‘”/2[10 ~(1+a)

+1,

%(H—a)

c
5(1—0)

+%c(l—a)e —c(l1—a)/2 [Io

+1I,

c —
2(1 a)

]. (7

In Fig. 7(b), the solid line shows the thickness dependence
of the area ratio S, /S, calculated®® from Eq. (7). For
comparison we also show in Fig. 7(b), with a dashed line,
the expected S, /S, (x) dependence when no polariza-
tion effects are taken into account, i.e., a,=a,=0. For
this case, Eq. (7) reduces to Eq. (6). The qualitative
difference between these two curves highlights the crucial
role played by partial polarizations of the = and o quad-
rupole components in changing the thickness saturation
behavior of the area ratio.’

Our measured area ratio §,/S, (Table I) and the
effective absorber thickness x, are projected in Fig. 7(b)
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for klc axis. In projecting our experimental results in
Fig. 7, we would like to emphasize that values for both
the abscissa and the ordinate were experimentally deter-
mined with no adjustable parameters. Specifically, the
area ratio S, /S, was deduced directly from the spectra
shown in Fig. 5 by deconvoluting the line shape. The
effective absorber thickness x, was calculated from the
physical thickness and the room-temperature f factor
(fy.) established independently from the 7-dependent
measurements alluded to earlier (Fig. 6). We estimate the
uncertainty in the area-ratio measurement at ~1%, to
reflect primarily the statistical quality and reproducibility
of the data. To achieve this accuracy, we accumulated
10° counts per channel in a run and repeated the mea-
surement three times to ascertain reproducibility. The
uncertainty in the effective absorber thicknesses x, or x
derives primarily from the uncertainty of the physical
thickness of the FeCO; crystal; given our polishing and
thinning technique, we estimate this to be about 10%. It
is clear from Fig. 7(b) that the present experimental re-
sults agree rather well with the predicted calculations of
the area ratio provided fractional polarization of the
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FIG. 7.. Area ratio S, /S, for y-ray wave vector (a) k||c axis
and (b) klc axis along with observed data points. The solid line
is the theoretically expected variation of S, /S, as a function of
effective absorber thickness x. In the bottom panel, the dashed
curve illustrates the expected behavior for the case when the
fractional polarization of the 7 and o quadrupole components is
taken to be zero. The result of Housley, Gouser, and Grant tak-
en from Ref. 5 is also projected for comparison with present re-
sults.
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quadrupole components is explicitly considered.

We have also projected in Fig. 7(b) the experimental
determination for klc axis obtained by Housley, Gonser,
and Grant.’ The difference between the present result
and the result of Housley, Gonser, and Grant,> we be-
lieve, reflects primarily chemical differences in the make-
up of the two mineral samples used. Housley, Gonser,
and Grant.’ noted that their siderite sample contained 10
at. % of Mg impurities. Perusal of the standard mineral
literature® on siderite shows that there are two well-
known and documented sources of this mineral in which
Fe?* is replaced by ~ 10 at. % Mg cation (Styria, Austria
and Telemarken, Norway). Siderite from both these lo-
cales also contains a substantial amount of Mn impuri-
ties, the former 4 at. % and the latter 6 at. %. It is thus
not surprising that Housley, Gonser, and Grant.®> were
unable to get quantitative confirmation on the theory
from their mineral sample because the presence of those
impurities may destroy some of the coherent forward
scattering. Goldanskii et al.* obtained an area ratio
S, /S, of 0.68(3) at 6=1/2, for their 240-um-thick sider-
ite sample. Given our measured f factor (f,.), we esti-
mate an upper limit to the effective absorber thickness x|

of 32.7 for the sample of Goldanskii et al.* Naturally, if
there are Mg and/or Mn cation impurities in the sample,
the Fe effective absorber thickness x, will decrease pro-
portionately from 32.7. Since there is no information
available in Ref. 4 on sample characterization, particular-
ly purity, we are unable objectively to obtain x, for their
sample. In any event, the observed S, /S, obtained by
Goldanski et al.* is much too large for any reasonable
value of x| to be compatible with the theory of Housley,
Gonser, and Grant,’ and this broadly raises the question
of purity of the mineral sample available to these work-
ers.

In summary, the measured area ratios S, /S, presently
obtained on siderite for k||c axis and klc axis are quanti-
tatively compatible with the theory of Housley, Gonser,
and Grant.’ and provide clear experimental confirmation
of the ideas developed to understand y-ray resonant ab-
sorption in transmission through thick single crystals.

IV. SPATIAL ANISOTROPY
OF THE f FACTOR IN SIDERITE

Our results on the T dependence of the f factor shown
in Fig. 6 show that f, =~ f ., in sharp contrast to the con-
clusions of Goldanskii et al.* This deserves comment.
The near equality of f, and f, is independently
confirmed both by the T dependence of the partial areas
S,(T) and S,(T) and by the observed area ratios S, /S,
shown in Fig. 7. If one extracts the values of x| and x,
that would best fit the observed S, /S, at 6=0 and 7/2
by drawing a horizontal line in Figs. 7(a) and 7(b) and
noting the intersection of this line with the theoretical
curves, one finds x ~x,. Since the physical thickness of
the sample used in measurements along the two direc-
tions are the same, it inevitably follows that f.~f .

In the calcite structure, the cleavage plane {1014}
makes an angle of 46° with the ¢ axis. One would thus
predict interatomic forces along 6=46° to be weak and
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the f factor, if anything, to display a local minimum
along this direction. Since this direction resides midway
between the c¢ axis (§=0) and the a axis (6=w/2), the
near equality of f, = f_ is just the expected result.

Finally, it is also unlikely that any reduction in the f
factor along 6=46° would affect the observed area ratios
S,./S, either in a single crystal or in a polycrystalline
sample to any significant manner. The angular distribu-
tions of the 7 and o quadrupole components are emitted
preferentially'® along the ¢ axis and a axes, respectively.
Neither of these angular distributions is peaked at an an-
gle midway between 6=0 and 90° so as to probe lattice
vibrations along the cleavage planes sensitively. For
these reasons the choice of FeCOj as a host, to test of the
spatial anisotropy of lattice vibrations* quantitatively, is
thus somewhat unfortunate.

V. CONCLUDING REMARKS

We have systematically examined the T dependence of
the Mdssbauer effect in the range 50 <7 <300 K for a y-
ray wave vector k parallel and perpendicular to the c axis
of rhombohedral FeCOj single crystals. The results show
that the f factor along the c¢ axis, f,=0.72(2) , and that
perpendicular to the ¢ axis, f,. =0.75(2), are almost the
same. More significantly, the measured area ratios
S,/S, under the quadrupole components and the mea-
sured effective absorber thicknesses x for both 6=0 and
/2 directions are quantitatively consistent with (a) an
axially symmetric =0 electric-field gradient, (b) lack of
fractional polarization of the quadrupole components
along the ¢ axis, and (c) the existence of a fractional po-
larization a,=1 and a,=0.6 of the quadrupole com-
ponents perpendicular to the c axis. These results pro-
vide quantitative confirmation of the theory of
Housley, Gonser, and Grant,’ advanced 25 years ago
to describe coherence and polarization effects in
Mossbauer transmission experiments through a non-
magnetic and noncubic single crystal.

In a forthcoming paper, we will examine Mdssbauer-
effect results in siderite at T < Ty. In the antiferromag-
netic phase, the magnetic hyperfine field at Fe can be
temperature tuned to satisfy a condition for level crossing
of the pair of Zeeman levels [m=—2) and [m=+1) of
the first excited state in >’Fe. This has also been ob-
served. To analyze the line shapes quantitatively, partic-
ularly the size of the resonant effect at the nuclear level
crossing, a reliable knowledge of the Debye-Waller fac-
tors and asymmetry parameter 7 of the EFG is necessary.
These parameters have now been established for our sam-
ple from the present work.
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