
















BORACIIE- TREMBATIIIIE - CONGOLIIE: PHASE TRANSITIONS
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Ftc. 6. Mddle-infrared absorption spectra collected for sample S8E-IR with M =
(Mg.BFe2rrMns.65). The absorbance is given in arbitrary units.
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Figure 11 shows the variation of the 1350 
"*-t 

peak
position, FWHM, and area with temperature for sample
S8A-IR. The peak frequency decreases continuously
and smoothly with increasing temperafure, with only a
small discontinuity present at the transition from the
orthorhombic to the cubic sftucture. The peak FWHM
increases smoothly to -300'C, with an increase in slope
and a discontinuity at the onset of the cubic structure.
The peak area decreases continuously, with an inflec-
tion point and change in slope at the orthorhombic-to-
cubic transition. The rhombohedral - to - phaseA and
phase A - to - orttrorhombic phase transitions are not
evident in the trends for the peak at 1350 cm-r.

The middle-infrared spectra for sample S8A-IR dis-
play only minor changes at the hansition from the
rhombohedral structure to phase A. There are slight
variations in peak intensities and positions in general,
and the peaks at 980 and 114O cm-l seem to be the most
sensitive to this transition. However, it will not gener-

ally be possible to distinguish between the rhombohe'
dral sfructure and phase A using mid-infrared spectra
alone.

Far-infrared. spectra

Specfra in the far-infrared region were collected for
samples S8A-IR and S8E-IR over the tempera&re in-
tenal 25"C to 330'C. Consider first sample S8A-IR
(Fig. 12). This sample has the rhombohedral strucfire
from 25"C to the onset of phase A at ^90'C. The
strucnrre becomes orthorhombic at ̂ 2LO"C. and cubic
by -310"C. The spectra are very complex, with at least
fifteen different peaks. The phase transition ftom the
rhombohedral sfructure to phaseA is marked by several
significant changes. A new peak appears at -155 cm-l
and becomes more intense with increasing temperrfure.
Also, peaks at -355 ard 475 cm-l vanish at the tansi-
tion, whereas the frequency ofthe peak at -398 cm-l,
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FIc. 7. An expanded portion of the middlerinfi'ared absorption
spectra collected for sample S8E-IR with M =
O[g0.nFerrrl4no.05). The absorbance is given in arbitrary uuis.

which was essentially invariant in spectra for the rhom-
bohedral sfructure, begins to decrease significantly at
the transition to phase A (Fig. 13).

The phase transition from phaseA to the ortlorhom-
bic structure in sample S8A-IR is also readily detected
using far-infrared spectoscopy. As can be seen in Fig-
txe 12, several abrupt changes occur in the spectra at
^210"C. The peak at -165 cm-l, which had been a
dominant feature in the lower-temperature spectra, is
greatly reduced in intensity by 210"C, and is no longer
present in specta collected for temperatures above
210'C. The two peaks present at^22O and -250 cm-l
merge into one broad pealr" and new peaks appear at
-355 and ̂ 45 cm-li the peak at -398 cm-l becomes
very broad, aa4 yanishes by 290"C.

The far-infrared specfra collected for samFle S8E-IR
also contain aboul fifteen distinguishable peaks @ig.
l4). Thi$ sample has a rhombohedral structure from
25'C to ̂ 2IO' C, which is the onset of the orthorhombic
stucture. The phase fransition is readily detected in the

Temperature CC)

Frc. 8. The variation of the position, full-width at half-maxi-
mum (FWIIM) and area of the peak at -1350 cm-l in
spectra taken for sample S8E-IR with M
(Mg.3Fe2rMna.or). This peak is due to an antisymmetic
stretch mde of the BO3 triangles. The units of area are
arbitrary. Expected phase traritions (from Fig. 1) are
indicated by broken lines.

specta. At the onset of the orthorhombic structure,
peaks at -165 and 375 cm-lvanish, peaks at ̂ 23O and
-250 cm-i merge into a single broad peal<, as do the
peaks at ^430 and ̂ 450 cm-r, the peak at ^355 cm-r
vanishes, a new peak appears at -365 cm-l, the peak at
^400 cm-l becomes very broad and rapidly decreases in
frequency, and a new peak appears at ̂ 475 cm-'t.

D$cussroN

The ffiared specfra, especially in the far-infrared
region, are quite sensitive to the phase transitions in the
series Mg3BTOsCl - FqBTOsCl. At 25'C, samples of
the series Mg3B7O6Cl - FqBTO6CI have either an
orthorhombic or rhombohedral structure, and these po-
lymorphs may be readily distinguished on the basis of
spectra in either the mid- or far-infrared region. Com-
parison of spectra collected for samples with different
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compositions, but at the same t€mperature, shows tlat
the mid-infrared region is not significantly affected by
Mg <+ Fe substitution, in the absence of a phase transi-
tion. This is consistent vdth the fact that the modes in
this region are due mainly to vibrations within the
borate fra:nework. The specta in the far-infrared region
do vary significantly with compositiono as the modes
associated with the metal and halogen atoms are found
in this region.

The persistence of BO3 triangles at temperatures well
above the cubic-to-orthorhombic phase transition has
been indicated by the presence of peaks at -1350 and
-1400 cm-r in the infrared spectra. This result is at odds
with X-ray-diffraction studies, which give a cubic
structure containing Bo4tetahedra but not BO3 tian-
gles. Note, however, that a sfiucture refinement has not
been reported for a cubic phase of intermediate compo-
sition in the series Mg3B7O13Cl - Fe3B7O6Cl. Also, it

r99

1200 '1400

is common for boracite-type crystals to remain weakly
anisotopic, even in the cubic phase (Nelmes L974).
Optical examination of the crystals studied here has
shown them to be weakly anisotropic to temperaturqs
exceeding 500"C.

The presence of the antisymmeric stretch mode of
the BO3triangle at -1350 and -1400 cm-1 in spectra
collected for phases with the cubic structure supports a
model that involves a dynamic disorder of the B(2) and
O(1) atoms. Such disorder is reflected by the very
substantial broadening of these peaks with
temperature. The peaks begin to broaden well below the
onset of the cubic phase, indicating that the dynamic
motion of these aloms becomes signifi.cant in the stabil-
ity field of the orthorhombic sftucfire. X-ray-diffrac-
tion studies of the cubic stucture of Mg3B7O13Cl
(Sueno et aI. 1973) give large anisotropic displacement
parameters for both the B(2) and O(1) atoms, and this
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Ftc. 9. Middle-infrared absorption spectra collected for sample S8A-IR with M =
(Mg151Fe1z7Mn6./. The absorbance is given in arbitary units.
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FIc. 10. An expanded portion of the middle-infrared absorption
spectra collected for sample S8A-IR with M =
(Mg151Fe141\d:r6.d. The absorbance is given in arbitrary
units.

is also the case for other cubic boracite-tlpe struchrres.
This disorder must occrr in such a way that BO3 frian-
gles occur locally in the stucture.

The existence of anew sfructure, phaseA, in samples
witl Mg = Fe over the temperature interval ^90 to
^21.0'C, is consistent with the systematic variations
shown by the spectra. In the mid-infrared range, the
specfta of the new phase are very similar to those of

with the rhombohedral sftucture, indicating
that the borate frarnework of the sfructure of phase A
must be quite similar to that of the rhombohedral struc-
ture. However, the lower optical birefringence of phase
A relative to crystals with the rhombohedral stucture
suggests that the BO3triangles are not all coplanar in
the sftucture of phase Ao whereas they are so in the
rhombohedral sfructure. Most differences between the
specfra of phase A and the specha for tle rhombohedral
material are in the far-infrared region, which is largely

(M9.,.u,, Fe..n Mno.oe)4QrCt

Temperature CC)

Flc. 11. The variation of the position, full-width at half-maxi-
mum (FWI{M) and area of the peak at -1350 cm-r in
spectra taken for sample S8A-IR wilh M =
(Mg151Fe1z/\tf::s.sr). This peak is due to an antisymmetric
stetch mode of tle BO3 triangles. The units of area are
a$irary. Expected phase transitions (from Fig. 1) are
indicated by broken lines.

due to vibrations of the metal and halogen atoms
(Moopenn & Coleman 1990). Phase A is presumably
distinct because of a new arangement of metal atoms
in the structure, therefore, and this is in some way
related to the apparent requirement of Mg = f'e.
Samples with different intermediate compositions
are needed to define the stability field of this struc-
tural variant. It does not extend as far as
(Mgz.zaFeo.zffno.65)B7o13C I (the c omp o sition of
S4-IR), however.

AcxtIowLEDGB\mus

The Natural Sciences and Engineering Research
Council of Canada supported this work with a Post-
Doctoral Fellowship to PCB. Clare Hall, Cambridge,
supported PCB with a Research Fellowship. This
manuscript was significantly improved following re-

1 8
'10

14

1 2

1 0o

€ 8
6

4

2

0

0 50 100 150 200 250 300 350 400 450



BORACITE - TREMBATIIIIE - CONGOLITE: PHASE TRANSITIONS

l a 6

1.80
l A F

1.70

1.05
1.60
1.55

Rhombohedral

I

a a a

(Mg, .u rFer .o rMno.oz)QQsCl '

20r

6
r h E

310

2X

t70
1.45

1.40
1 7

1 6

l r
I

I
I T
I
i Ortho.

r  r i
i r

o

G
.E

o

210

190

170

t50

130

l l 0

90

70

50

30

Frequency (cn')

Flc. 12. Far-infrared absorption spectra collected for sample
S8A-IR with M = (Mg151Fe1"7Mna.e). The absorbance is
given in arbitrary units.
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