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Mossbauer measuremei1ts on F e-Cl-, Fe-Br-, and Fe-I- boracite 
showed a new transition t emperature which was recognized optica lly 
as a phase trans iti on fr om orthorhombic to trigonal symmetry. The 
same type of trans ition was observed optically in Co-Cl- and Zn-Cl­
bora cite. 

Introduction 

MOST boracit es, Me3 B-, 0 13 X, with Me= dival­
ent metal and X "' Cl, Br or I , are known t o have 
a cubic {T~ ) high temper ature phase ancf'~n orth­
orhombic (C ~ v) low temperature phase. 1 Ito and 
collaborators " have determined the s tructure of 
both phases of Mg 3 B., 0 13 Cl. Mg-Cl-, 3 Ni-Cl- , 4 

Ni-Br-, 5 a nd Ni.-I- 6 
., - boraci.tes have been shown 

to be ferroelectric in the orthorhombic phase, and 
it is believed that this is the case for most other 
boracites. 

Mossbauer measurements 
We have made Mi:issbauer measurements on pow­
der absorbers of Fe-Cl- , Fe -Br - , and Fe- I- bor­
acites betw een 80 a nd 900° K. The optically deter­
mined 1 cubic -orthorhombic transition t emperat­
ures (T 1) of these compounds ar e : Fe-Cl, 607 "K; 
Fe-Br, 499 °K; and Fe-I, 345 °K. 
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Three t ypes of spectrum are observed in 
all three compounds. In Fig. 1 we give examples 
of those observed on F e3 B., 0 13 Br. The quant­
ities derived from the spectra of F e3 B? 0 13 Br 
are given in Fig. 2. Fe -Cl- and Fe-1- boracites 
gave similar results. In the hi gh temper ature , 
cubic , phase the spectra consist of one asymmet­
rical doublet. The splitting (2 e: 3 ) and asymmetry 
of this doublet increase with te mperature, and are 
larger the higher T 1 is. 

Mossbauer spectra of Fe 3 B7 ' 0 13 

Br i.n the cubic (A), orthorhombic 
(B), and trigonal (C) phase. 

In the orthorhombic phase , two doublets are 
observed. The intensity ratio of the two pairs 



32 NEW PHASE TRANSITIONS Vol. 5, No. 1 

3 --... 
~ \ 

2 

\ 
~ 

& !""--r--. ...... .....__ -.L._._ r---2t:. ~ 
-Q. 2€ 

A v3 
t-

0 

- l'~ ~ 
-

- -

1,0 

0 ,8 

B 

-
~ 

-

-+-. - ""-i-

0,6 

0,4 

0 200 400 600 800 

TEMPERATURE [ • K J 
FIG. 2 

A. Quadrupole splitting and isomer 
shift of Mossbauer spectra of Fe 3 

B 7 0 13 Br versus temperature. 

B. Area under absorption- curve as 
a function of temperature. 

is 1.65 ± 0. 10, assuming equal widths for the 
four lines. When the temperature is lowered, 
a second transition (T 2 ) takes place : the inner 
pair disappears, and the intensity of the 
doublet increases correspondingly. There is a 
small discontinuity in the splitting (2 e1) of thi s 
pair. The spectra of Fe-I- boracite in the vicin­
ity of T 2 deviate from those o.f Fe- Br- and Fe­
CI- boracites : the transition takes place grad­
ually over a range of ~ 25 ° K, and in the trans­
ition region the splitting of the inner pair increas­
es r apidly. There is also a large hysteresis (-
200K ). The values of 2 s1 at 80°K are : Fe-CI, 
(3. 00 ± 0. 01) mm jsec; Fe- Br, (2. 99 ± 0. 01 ) 
mm jsec; Fe-1, (2. 79 ± 0. 01) mmjsec. 

Within accuracy (0. 01 mmjsec) the isomer 
sl;ift , c, is continuous at T1 and T 2 • Above 
250°K, 6 decreases linearly with the t emperature ; 

!16 / 6 T = (0. 072 :1: 0. 001) mm jsec 100° K. 

At 300° K, the values of 6, relative to meta llic 
iron , are: Fe- Cl, (1. 14 :1: 0. Ol) mmjsec; Fe-Br , 
(1.14 ± 0. 01) mmjsec; Fe-1, (1. 12 ± 0. 01) mm / 
sec. 

The area under the absorption curve was 
measured between 300° and 900° K. At T = T 1 
a sudden decrease in area is observed. The frac­
tional change is larger the higher T 1 is . The 
slight increase in absorption area at T 2, visible 
in Fig. 2b , was not observed on the thinner absorb­
er of Fe-CI- boracite and is probably due t o sat­
uration effects. 8 

Experiments at lower temperatures and on 
iron doped Ni-boracites are in progress . 

Optical studies 
Platelets (20 to 200 1-.1 thick) we r e cut from 

a couple of bora cites. parallel to the cubic ( 100 l , 
f 110 l and ( 111 1 faces, and the twinning config­
urations were observed as a function of temper­
atures between crossed polarizers (down to SO cK). 

Beside the well-k11own cubic-orthorhombic 
transition, 1 we found a new kind of phase change 
in the Fe-Cl-, Fe-Br-, Fe-I-, Co-Cl-, and Zn­
Cl- boracites (see Table 1 ). For Fe-CI boracile 
we obtained evidence for trigona l (optically neg­
ative) symmetry by conoscopic means on a s ingle 
domain of a (1 11 ) cub - cut sample. For the 
Fe-Br-and Fe-1- boracites, only or thoscopic 
evidence for trigonal symmetry was obtainable: 
occurrence of domains with 54 ° 44 ' - extinction 
on ( 110 1 cub- cuts . The new transition in Co-C 
and Zn-Cl- bon.tcit es seems to be of the same 
type. According to Ascher's s e lection rules, s 
the space group of the trigonal phase which was 
found to be polar by etching with hydrochloric 
acid , should be C ~. , provided the transition is 
associated with no change of unit cell with r ef­
erence to the cell of the cubic phase Ti . X-ray 
work on the trigonal and orthorhombic phases of 
the iron boracites is in progress. 

The trigonal phase is characterized by an 
extr emely fine lamellar s tructure (twinning 
plane is { 100 l cub thi ckness of lamellars often 
« 1 l..l, which sets on or disappears rather 
abruptly by changing the temperature. There is 
little or no thermal hysteresis in the case of the 
Fe-Cl-, Fe-Br-, Co- Cl-, a nd Zn-Cl-boracites. 
Fe-1- boracite, however, displays a considerable 
amount of thermal hyst eresis of about 50 degrees 
a nd shows the coexistence of both phases within 
about 15 to 20 degrees. This behavious is a lso 
shown by the Mossbauer measurements (Table 1 ). 
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TABLE 1 

Orthorhombic-trigonal transition te mperatures of some boracites 

Evidence by 

Compound Mossbauer effect Polarizing microscope 

Fe
3 

B
7 

o 13 Cl 520 + 2°K 523° + 1°K -
Fe

3 
B

7 
0

13 
Br 

t 405 + 1°K 
402° + !OK 

~ 402:! 1°K -
l -175°K 

beginning 

t-220°K 

end 

Fe
3 

B
7 

0
13 

I ~ -185°K t -215°K • 
beginning end 

~ -150°K 

end 

t -2J 7°K 

beginning 

Co
3 

B
7 

0
13 

Cl not measured 457° + 1°K -
zn

3 
B7 0

13 
Cl not measured 

J 
466 + 2°K t 4 7 I _2: 2°K -

Remark : For the following bora cites, no trigonal phase was found 

optically above 80°K: Mg-Cl, Co-Br, Co-l, Ni-Cl , Ni-Br, 
. ( 10) 

Cd- Cl, Cd- Br, Chambers1te (a nearly pure Mn- Cl-

boracite ). 

33 

We have m easured the birefringence versus 
temperature of the F e-CI-, Fe-Br- , and F e-I­
boracites a long the 45 ° - extinction directions 
of ( 100} c b -cuts. Fe- Cl- and Fe- Br- bora­
cites clearYy show ~he orthorhombic-trigonal 
transition because of a discontinuity in the 45 ~ 
birefringence (n - n a ' trigonal ... n y- n s 
orthorhombic). \-he optical indicatrix of the 
orthorhombic Fe-boracites is positive, but the 
optic axE's lie in (110 1 cub. and the polar axis 
with n a. along < 001 > cub, tile acute bis ctrix 
along <110 >. This contrasts with Mg-. Mn- , 
and Ni-boracites , Fe -1-boracite li :":ls no discon­
tinuity in the 45 ° birefringence; this is probably 

accidental. The refore we could determine its 
hysteresis phenomena only by observing the jump 
of orthorhombic doma ins with paralle l extincti0n 
to trigonal ones with 45 ° - extinction (with lam­
ellas) and vice versa (Fig. 3 and Table 1 ). 

Discussion 
We assume that the structure of all boracites 

is essentia lly the same and use the data from 
Ito et a l. 2 ln the cubi c phase , the metal ion is 
located in an elongated octahedron, formed by 
two halogen ions on the long axis and four nearly 



34 NEW PHASE TRANSITIONS Vol. 5, No.1 

0,020 

0,016 

0,012 

0,008 

o RISING lEMPERATURE 

"""' 
100 

I 
200 

I 
:lOO 400 600 

FIG. 3 

Spontaneous birefringence of iron 
boracites versus temperature (along 
the 45 o - extinction directions of 
( 1 00 1 - cuts) 

coplanar oxygen ions. In Mg3 B7 O u Cl, the 
distances within the octahedron a re: Mg-Cl, 
3. 02 ~- and Mg-0, 2. 04 ~. The structure of the 

along < l Jl > and <iil > resp; this is the case 
for 1/3 of all metal ions . In type 2 (2 /3 of the 
metal ions) , both halogen ions are shifted in the 
same direction, which is either < 111 > or <TTl >. 
Though the intensity ratio of the two quadrupole 
pairs observed in the orthorhombic phase is 
smaller than 2, the smallest splitting (2 £2 ) is 
probably due to iron-ions of type 2. The disa­
ppearance of this pair in the trigona l phase then 
means that the metal and halogen ions shift in 
such a ma1mer that a ll metals have an environ­
ment of type 1. The asymmetry of the doublet 
in the cubic phase points to a large anisotr opy 
in the vibration amplitude in this phase,u which 
is not surprising in view of the large difference 
in metal-halogen and metal-oxygen distances, 
observed in Mg-Cl-boracite. In the orthorhombic 
phase , the iron-ion is trapped in a more isotrop­
ic potential : the vibration-amplitude along the 
X- Fe-X a.>..is is r educed, r esulting in the observ­
ed increase in absm:·ption intensity, and a less 
pronounced asymmetry. From the measurements 
it follows that the vibration anisotropy is largest 
for the Cl- compound. As the lattice cons tant of 
the iron-boracites varies by less than one percent 
for the different halogens , the larger anisotl'opy 
is probably due to the smaller ionic radius of 
the Cl -ion. 

Conclusion 
. Except for the intensity ratio of the two 

quadrupole pairs in the orthorhombic phase, the 
Mossba.ucr spectra can be explained on the basis 
of the structure determination of Ito et al. The 
new trigonal phase is probably also formed by 
displacement of the halogen and metal ions, and 
may be common to most boracitcs. 

· orthorhombi c phase differs only in the position 
Acknowledgement - We wish to thank Prof. A. 
Janner. Nijmegen, for suggesting the Mossbauer 
measurements; Dr . R. M. Honea , Boulder , for 
providing Chambersite crystals; Dr. E . Asch?r, 
Battelle-Geneva for valuable comments; and H. 
Tippman, Battelle-Geneva for preparing crystals, 
samples, and making the birefringence measure­
ments. 

of metal and halogen ions. The metal ion-shift­
ed along a < 100 > direction- occupies a strong­
ly a~ymmetrical position (point symmetry 1) 
within the octahedron which is deformed by a 
shift of the halogen ions along < 111 >directions. 
Two types of metal envirenment can be discern­
ed. In type 1, the two halogen ions are shifted 
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Mittels Mossbauereffektmessungen wur de in den Fe-CI-, F e-Br- und 
F e-1- Boracitcn c ine neue Umwandlungst emperatur gcfundcn und auf 
polarisationsoptischem Wege a ls orthorhombis::h ,__ tri.gonalcr L'ber­
gang crkannt. Die glciche Umwandlungsart wurde optisch im Co-Cl 
und Zn- Cl- Bor<!cit gefunden. 
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