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Battelle Instit~tte, Genet•a Resecwch Gent1·e, Geneva 

'frigonal Boracites - A New Type of Ferroelectric and Ferro­
ma.gnetoelectric tha.t Allows no 180° Electric Polarization 

Reversal 1 ) 

By 

H. I CHMID 

I"'""' The spate group of the t l'igomd phase of the Fe~CJ. Fe-J3r. I~e-I. Co- 01. and Zn-01 bora-
cites is established as cgv· Ferroelectricity is evidenced by domain switch ing. H igh coercive 
fields at room tempera tuJ·e (up to 800 .kV Jcm) are found. Polarization-microscopical stu ­
di.es s how t.hat, t-he polarization vector is uot reversible by 180° but can jump only from. 
e.g., [Ill] to Llllj, [Ill] . or [lll]. etc .. in accord with crystal structrn·eand group theoret­
ica l symmetry con sideration::;. Two t winning " laws" at·e observed : a.) h ea.d-head (tail- tail) 
domains wit h {ll O}~uh as composition plane and b) head- tai l domains with {lOO}cnl> as 
composit.ion plane. TJ1o domnin structme and the relevant twinning operations are d is­
cussed. The onset of fcn·omagnetism at low temperature ·in l!~e-01, F e- Br. Fe-I. and 
Co- C'I boracites leads to ferromagnetocJectricity. In the case of Co- Ol boracite the ferro­
ma.gnetoclectric point group is m. 

Die Raumgruppe clcr trigonalen Phase der .Fe- CI-, .Fe-Br-, .li'e- I-, Co- Cl- und Zn-CI­
Borazite W<ll'de w . CZv bestimmt. Ferroelektrizita.t wird durch Bereichnmklappung nach­
gcw.iesen. Die K oerzitivfelder bei Zimmertempemttu· sind sehr hoch (b is zu 800 .kVJcm). 
Pola.risationsmikroskopische Studien ze igen. daB der Polarisationsvektor n.icht um 180° 
umklappb<lr ist, sondern our von z . .B. [I ll] nach [11 I ], [lll] oder [ I ll] usw. springen 
.kann. Dies steht in trbereinstimmung mit der Krjsta llstrukt ur und Synunetriebotracht un­
gcn. Zwei Zwill ings.,gesetzc" treten auf: a) K opf- Kopf (Schwnnz-S<:hwanz) -Bereiche mit 
{llO}cul> und b) Kopf- Scbwa.nz-Bere icbe mit {JOO}cul> a ls Verwachsungsebene. D .ie .Be­
reichstruktur uncl die entsprechenden Zwillingsoperationen werden besprochen. D as Auf­
t rcten von F crromagnetismus bei t iefcm Temperaturen fiihrt bei Fe-CI-. Fe-Br-, Fe-I­
nn cl Co-01-Bora.ziten :r.n Ferromugnetoelekt:rizitlit. Co- 0 1- Borazit hat die ferromagneto­
elektr ischc Pulll,tgr uppe m. 

1. Introduction 
The struct ure family of boracites :Me3B70 13X (.'Me bivalent metal ion , X = Cl, 

Br. or I ) has eecently become of interest because one of i ts representatives -
Ni- I boracite - h as been found to be ferromagnetoelcctric (i.e. simult au eous1y 
ferromagnetic and ferroelectric) with strong coupling between spontaneous 
polarization and magnetization [1, 2]. F e-CI, F e-Br, Fe-1, Co-C1, and Zn-CL 
boracites were reported to display polymorphic transitions from cubic over 
orthorhombic to trigonal symmetry by decreasing t.he temperatur e [3). This 
paper is intended to prove the ferroelectric character of the trigonal phases, 
to interpret by means of their crystal structure the pecu"liar switching behaviou r 
of t he dom ains, and to show t hat some of t hese ph ases - reported as ferro­
magnets [4) - necessa.r.ily must become fen-omagnetoelectrics be.low t-heir 
Curie temperatures. 

l) ·work s upported by the Ba.ttclle Tnstitute, Geneva Research Cent re (P hysics De­
part ment). 
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2. Stru.ctttral ASJ)Octs 

2.1 ~'lm·]>llotogy and sm n ple 1>l'epm·at ion 

The investigated crystals were obtained by gas-phase transport [51 . They 
bad natural (100), (UO), and (lll) facet s as described for t he Ni- I bot·acite [2). 
Only small crystals ( 1 to 4 rom diameter ) were crack-free and a.clequat.e for meas­
urements. After X-ray or morphologic orien tation , the crystals ·were cut by 
a diamond saw , ground on SiC pa per. and polished with cliamond paste (down 
to 0.25 fJ.Ul diamond grain size) . 

2 .2 Space gl'OitJI a 11ct tm it celt 

Weissen berg CuKa photographs were .made on a single domain (0 .4 .mm3 ) 

that was cut of an as-growu Fe-01 bor acite crysta.L T he extinction laws were 
compatible only wit h space groups D~ and cg". T he former is ruled out. by 
multiple reasons (ferroelectric switching . et c.), hence cg" (R.3c) is t he- correct 
space group. This result agrees with the gwup theoretical precliction based on 
Ascher 's selection rules of maximal polar subgroups [6, 7) : t he o.nJy trigonal 
equi-translation subgroup of Ta (F4 3c) being m ac.X imal and pola r. and which 
should hence designate the fen oelectr:i.c symmetry . is C~v · Furthermore, t he 
extinction Jaws show t hat t he sm<tllest trigonal cell con esponds to t he primit ive 
trigonal cell of the face-centi·ed cubic phase (Fig. 1) . Therefore, in boracitcs, 
qv is really an equi-ti·au.<>lation subgeoup of T~, thus fully satisfying Ascher's 
ruJe. RiJt i [8] ha: confirmed t he space group qv for the Fe-01 bomeite by 
precession photographs (lV[o radiation) and has found t he Fc- Br. Co- 01, and 
Zn-01 boracites to be isot ypio. There :is evidence from M:ossba,uer effect data 
[3] that Fe-I boracite is also isotypic. 

2.8 L a ttice p antmete1·s 

In Table 1, we give the lat ti ce parameters of omc trigona l boracites as 
determined by HiJti [8] by means of J agodzinski a-nd de Wolff diagrams. T he 
spontaneous strains relative to the cubic phase are very small. ..While t he 
Zn- Cl boracite is elongated along 1\ , t he Fc-01 and F e-Br boracites are com­
pressed along that direction (Fig. 2) . A magnetostri ct~ve con t ribut ion of t he 
paramagnetic ions to t he spontaneous strain may a.ccount for the opposite 
behaviour. The trigonal splitting of t he Co-Ol bo:r:acite was not resohed. 

Jf ig. 1. 'f .rigoual u nH cPII in l. h~ f.r:n oework of l llo cubic tligh-t.cmpcro .. 
turo tuJit .:ell (trigonal ce.ll = -primit ive cell of cubic f.c. phase) 
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T ab l e L 
Latti ce pan~rneters (refined by the least-squares method) of t lwee rb.ombobedn\1 boracites (2-5 °0 . CuK ,. radiation [SJ) 

Borac'itc 

Fe-Cl 
F e- .13r 
Zn-01 

Sma llest hesagoual <:ell 

an (A) 

8.6240 ± 0.0002 
8.6339 ± 0.0004 
8.5367 ± 0.0002 

eli (A) 

21.04,89 ± 0.0007 
21.1004 ± 0.00]4 
20.9722 ± 0.0007 

Smallellt rhombohed.ral cell 

a,, (A) 

8.6036 ± 0.0002 
8.6208 ± 0.0004 
8.5535 ± 0.0002 

C< 

60°09'1'\6" 
60c06'02" 
59°52'12'' 

P seudo-cubic rhombohedral cell 

I a.ll, (A) I 0. 

12.1817 ± 0.000:3 90°08' 12" 
12.2009 ± 0.0005 I 90°05' L4" 
12.0846 ± 0.0003 89°53' 16" 
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1•"1!!- 2. l'scudo-cuiJiC t rigontd ccU. a) <'onrprc~scd t~long J•.; b) elnngRtcll along J>, 

2 .-1- Pen ·oe/Pdri c su;itl:ll i 11g 

2.4.1 Pa.rticulca·ities of the transition from Tj to C~" 

b 

Bccau ·e the (Ill] directions of TS, t he " motl1e r" phase of cg"' arc already 
polar (owing to t he boron-oxygen ne t). it becomes clear that 180° domain 
reversa l .·bould be impossible in the tr-igonal borar..i.tes. However, domain 
" j um ping" cou lei be e:>..-pected between the four preferential clirection.' - l I II], 
[ll I] , [Ill]. and flll] - of P 8 (Fig. 3). For t-he general case. Ascher [9] bas 
shown by group t.heory how to determine those ferroelectrics for whi ch P 8 has 
different directions but cannot be reversed: it is necessary to determine a) t he 
number of C conjugates in the paraelectric (high-temperat ure) symmetry group 
H of a given subgrotlp G1, and b) the index I of G1 in H . Then, either 1 = C 
or I = 2 0. ln t he former case. t here exist 0 different orientations of P 8 t bat 
cannot be reversed: in t he la tter one t he number of P~-orientations is t he same 
but their vector can be t eversed. Aizu [ 10] has classified all possible pairs of 
high-temperature/low-temperature symmetry that lead to fcrroelectrics with 
an "irreversible but di.vertible" polarization vector. 

2.4.2 Sample ptepara.tion 
Platelet s (20 t o 100 !J-Dl t hick) of tbe F e-Cl, Fe-BJ-. Co- Cl. and Zn- Cl bora­

cit es were cut pa ra llel ( 111 lcuh· For domain swjtcbi.ng, these sa.mples were mount­
ed on a sample holder . wl1jch is schematically shown in :Fig. 4: the crysta l (e) 
was mounted by means of a resin (d) above tbe cone-Like llole (0.3 t o 2 mm diam­
eter) of a Resocell plat e (f). The electrodes (a) were painted with silver paste 
close to the crystal on t he R esocell. Droplets of salt water solution (LiF) (b) 

c b d e a 

~,~~ ~~~~~''' 
a c b r 

+(-) 
Fig. 3. Til<' fo ttr possilolc dlrcctlous or I he 
spontane<,us J•ol:uizati tJn lu thr c,, ... bo· }'ig. 4. ~nmJllf' holde.r (schcuudic) for switc·hiug experiments with 

racitc pltasu lhtu lcl elcct rorlcs nnd aulcro~cope o l .,;cn·a t ion~ 
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b 
l' ig. 5. a) Lamcllllr tlomtlin ~tTuotou:c of the lln- 01 borncltc. Q,. phase, 25 •c, (lll) en!.: cxplanntion on 

Fig . l3 QfR. o) The same crystal in the c,. phase, 350 •o 
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.Wig. ~ - l)o rnain "witching in tl1e Co- OL born<·ilc, (111) cut, pohlrlzlll"\5 crossed . a ) P 0 perp enillcu·lnr to plntelet ; 
I)) llomnlns of tho tl.ree othcrprcfr i'Olltinl directions of 1' ,, a ll dom11.ins in no n-extinc tiOn pos ition 
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Fig. 6 c. J>~plnnntlCJII to l' ig. (.IIJ 

Fig. 7. Scl1r.runtlc n;;ymmetric h ysteresis loop :ls CX])cCteo for a •• 
bornci tcs 

A 
z z' 

y ' 

y 

73 

)( b 

li'ig . . 1'hc :li e•• :m ol hAlogen !li~plllCcwEm~ in l·llc C,v tJhase {If the Nl.g-01 hornl'it e rclat i\'C to the cell of the 
Tu·phns<:. J~oron-oxygen sl<eiHon not sh0\\"11 
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proviclecl the electrical contact between leads a.nd crystal. To aJJow for good 
optical image quality, t he droplets were stretched out by means of a cover glass 
adhering by capillary effect. The whole assembly was mounted on the gliding 
stage of a polarizing microscope. The <tclbering problem of the resin was crucial. 
particularJy for t.b.e extremely b.igh Yoltages a.pplied. After trial of several 
products, a bee wax-colophony mixtm·e (abou t l : 1) waR found t o meet be: t 
t he requirements both of iso lation and of a certa:in pla.stici ty. 

2.4.3 Results of sw-itching e.>.:periments 
The (111) platelet s of the J!e- Cl, .l!'e-Br, Co- Cl. and Zn- Cl bora cites cou lei 

be switched at room temperatm e. The electric field strengths at which part of 
t he domains began to move lay between. 5 to l 0 kV fern. whereas those for satura ­
t ion were found between 400 and 800 kVfcm. In Table 2. we give some typical 
values of t he coercive fields. For .most Co- Ol bo1'acite cryr;tals, the remanence 
was equa.J to satura tion after saturation at 500 kV /em, whereas for· the other com­
positions, the remanence lay app.reciably below satLU·ation. 

T~tb l e 2 

Switch ing field st.rength of some trigonal bomcites 
(25 °0 , (U J ) cut) 

Beginning I Saturation Thickness 
Bora.cite of pla,telet 

(kVfcm) (f.tln) 

F e- CI 320 800 25 
Fe- Br 50 75 107 
Co- Ol 240 GOO 50 
Zn-CJ 280 35 

Closely related to t he b:igh coercive fields are t he long switchjng times . .For 
exa mple, at 50 Hz a.nd 800 kVfcru only a.bout l to 5% of the domains of t he 
Co- Ol boracit.e were optically observed to be .in a state o.f switching (twinkling: of 
colo·uts between crossed polarizers) ; t.heremain.dcr of the crystal wa.s completeJy 
blocked . Therefore, very low frequency measurements are now being prepared 
to mea.sme the spontaneous polarization and study the switching heb<wiour. 

'Befor e a t r-igona.! as-grown and pobshed platelet is subj ected to poling, it 
shows usually a very fine lameiiar structure (Fig. 5a , explanation Fig. 13 Q/R ). 
After repeated quasi-statio switching, large domains are fonncd. The ht mel­
Jar structure is reestablished only after heating above t he transition tem ­
peratme t 0 cubic and cooling in zel'o field . 

The ph ot,ographs of Fig. 6 clearJy demonstrate the domain " jwnping" as seen 
in a (lll) Co- Gl-boracite platelet. In Fig. 6a, the electric f ield polarity pro­
duced a. si11gle domain with t he polaJization <:urecti.on and thereby the OJ)tical 
axis perpendjcular to t he platelet. The entire domain appears black uetweeo 
crossed polal'izers. After reversal of t he pol<trity of the fi eld, t he single domain 
splits up into the three .remaining possible domain orientations. t he polariza,t ion 
and optic axjs cli.rections of w bjch form an angle of arctg 1/2/2 with the surfa.ce, 
t heir birefringences being correlated by a rotation of 120° (60°) . H ence, at an 
adequate intermediate posit.ion of t he crossed polarizers, there is contrast be-



Tl'igorwl Boracites - A New Type of Ferroelect r·ic ttnd Fru:romagnet.oclcctric 217 

ldL!. U. 'l'hf:' two kincl-:t uf ~Lc•+ environmE-nt in tile 
\ '." ln)r:wltc. (llO)tub c ut, ion shifts in rlm plano - ,,r th~ paper. 

:o) )ft·' trre 1 (1 /S or ~lc,. lousl: 
IJ) llc' ' l l' pc• 2 aud :l (~f;l or .lie'+ ions) 

tween all th ree domain categories 
(Fig. !ib and c). One can expect '% 
that fOI' such crysta.l sections, t he "'G-.; 

hys lercsis loop will be asymmet ric 
both in spont,an cotts polarization 
and in coercive fie l.cl (Fig. 7). 

2 .5 Stn w trn·e mmlel and u bsulu te 
conj'ig tu·a t i mt 

'l'ho phase C~,. of Mg, Ni, etc., 
-bomcites is chara.ctcrized by the 
presence of t hree crystn llograh.i­
cally inequivalent Me2+ sites, l , 2, 
and :l (reference [11] and F ig. 8). 

o)m{070)o.r. 
(111Jar. 

a rrzfJar 
1111lar. O

)in {777)o.r. 

(.;at.egol'ics 2 and 3 have identical local environment (Fig. 9 b) ; t hat of kind 
1 (mg. Oa) is q ui te tlifferent, leading to another electric field gradient at 
the metal site. H ence, t here a re two kinds of quadrupole splitting in the 
l\Iossbauer spectrum f3J. D uring t be transi tion to t he t rigona l phase, only one 
kind of splitting survives. Because i t evolve. out of t he splitting due to sites 
2 and 3 wit.h nearly no eli. continuity at t ho phase tra.nsit.ion, one can conclude 
that only one typo (namely t hat of F ig. 9b) of local meta,[ environment occurs 
in t ho t1·igon11 I pha~e. On t he basis of th is information a:nd the space g roup 
requi rements for cgv, it t urns ou t t hat only one kind of structure model is 
co mpatible wit h a polar axis a long a cubic space diagonal [3, 12]. In Fig. 10 
a l'e rep l'esentecl t he shifts of t he metal and ha logen ions with. resp<>ct, to the ttnit 
cell of t he cubic phase T~: a ll h a logen ions move parallel to t he d.i1·ection of spon ­
tancoui:> po lal'iznt,ion [lll], whereas the metal ions move n,long [l OO]cub clirec-

Fig. 10. lie'' nnrl ha logen ~h lf'l s iu the c.,. ph:~e re­
lut"lvc to positions fu the 'l'd-phase 

(/ff)Ho/=C/,Br,/ 
OMe •Fe,Co,Zn 
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t.io·ns as in t he orthorhom bic phase, t heir centre of g ravity shifting oppositely 
t o the cUsp.lacemcnt of th e halogens. R ecent structure work suppor ts this 
model [ 13). 

Inspection of the Mraila ble space around the ha logen (point symmetry T-23) 
in t he cubic structu re T~ shows that there is a mple space fo1· the h aloaens to 
move in tbe [111 ) directions only t ow1.trds t he B-faces 2 ) (Fig. lJ ). There is 
much less space i 1~ the direction towards the A-facet s. In other words, there 
exist s a saddle-uke p otential distribution, t he (110) sect.ions of wlllch we ha,-re 
schematically represented in Fig. 12. Tbe a bsolute configtu·ation of the ortho­
rhombic ph a e Cg.,. and t he cubic phasc T~ of th e Ni- Cl bor aci te h ad been deter­
mined by a procedure combining pyr oelectric, p ola rization-optical, X-my­
Weisscn berg (without using an omalous dispersion !), and et clllng data (2]. 
(Independently t hereof Abrahams et a l. [14] used tho pyroelectric effect in 
a similar manner for t he determination of t he a bsolute configuration of LiNb03.) 

Tho pr:oblem of t.bc absol11te configuration of the trigonal phase of boracites, 
based. on t he abo,rc-m ent ioued mode l. can be solved jo a much si mpler way 
than for th e orth01·hornblc phase: The contribution to the spontaneous dipole 
moment 1·esultin g from t he very small deformation of the boron- oxygen skele­
t on \\rill b e negligible relative to that caused by t he shlfts of the halogen and 
meta.! ions wlllch arc of the order of 0.1 A [11). It is clear f1·om spa tial considera­
tion t hat the interna l dipole moment (owin.g t o t he halogen a nd metal ion shifts) 
must p oin t f rom the B - to t he A-corner , if we define i ts direction conventionally 
by - -+ +· In order to determine now t he A, B (111) facets of a real ct·ystaJ, 
we can do t his by poling a t hin (111) platelet (see a bove, Section 2.4). Then 
t he polarity of tlte electrodes, wl1ich produces a single domain (or the triple 

Jo'ig. 1 1. lt <•prc~oll!.ati OD Of the pOs.< ible l lll] di· 
rcrt ions of mu,·cmrnt or 1 he hnlogcn ions 

/ 
/ 

/ 

Fig. 12. Sc.hemnUc rupresentnl ion of the (! '10) section 
through the Slldd ic· like clcctros t:lli~ potential or the bnlo· 

gen en,•ironmunt 

~) We have defi11ecl the A-comers as t hose corners where u boron tetrahedron 'dth an 
oxygcu in its centre poin ts wit.h one of its corners into t he unit cell. The A-corner is iden· 
tical with t.lle origin of lto's unit cell setting [11]. 



Trigonal Bora,cites - A New Type of Ferroelectric and Ferromagnetoelectric 219 

domain configuration ), in dicates the A-B facets (cf. Fig. 10) . We have made 
these experiments for the Oo- 01 and Zn-Cl boracites and correlated the result s 
with t he orientation of t he etch pits on the (100) facets. We can formulate the 
ou tcomeln t he rul.e: "The long asis of t he etch pi t rhomb of a boracite (100) facet 
always po111ts to adjacent (111) B -facets." This result is in accol"d wit h the in­
depenclent "Jy determined absolu te couiiguration of cu bic boracite via t he ort ho­
rhombic phase (2]. In t he case of tbe Co-Ol bol'acite, the (Ul ) B-facets are 
nearly always larger than t he A-facets. H owever , t,he si tuation is often reversed, 
or there is no cJjfference in size at a,JI (e.g. , for the Fe boracites. etc.). Therefore, 
poling or etching gives t he most re"Jia ble determiation of t he absolute configur·a­
tion of a bora.cite crystal. The form of the strain field of a growth cen tre, re­
ported for t he Ni- l boracite (100) growth sectm·s [2], is very reliable too; how-

. .-f. ever. it has been fou nd useful so fa1· only foT diagnostic purposes in t hat compo­
sition. 

a. ~'winning Laws 

.'l.1_ G e iiCJ'ltl wspeets 

J3y group theoretical and stuctnral considerat.ions i t was shown (Sections 
2.4.1 and 2.5) t hat t here are fom possible domain orientations with only fo1u· 
polarization directions ill t he Oav phase of boracite (Jl'ig. 3). These different 
domains are related by twinning op era tions t hat are given by t he lost symmetry 
elements of the 0:3v phase r elative to t he high-temperature "mother " phase T <L 

[9]. These are: 3 trlads [111], 3 lnversion tetrads [lOOl, and 3 symmetry planes 
(110). 

We have observed two kinds of composition plane, (100) and (110), bet ween 
t he rb.om bohedral domains . The fust kind leads to head-tail and t he second to 
head-head (ta il- t ail) configur ations. 

Both Ja.ws a.re ofteu fouud in on e and the same crysta l. 

8 .2 llemt- tai t t.lonw cins 

Tbe most freq uent domain pattern consists of lamellas (thickness ~ l fLm) 
of bead- tail conf igurations wjtJt (100) as composition plane (Fig. 5. 13 R , and 
14). Smail crysta.ls and t llin p latelets often show only one of these three mutually 
perpendicular _possible orientations of layer piles (one of the t hree sets of pile 
is shown in Fig. 13 0 /R a , 14 and two in F ig. 16), beca.use such an anangement 
can be free of constraints. The head- tail layers are favourable because t hey 
minimize the electrostat ic energy by preventing "spa.ce charges" on t he inter­
faces . 1<his explains tbeil" appearance in higJJ!y isolating crystals as separation 
walls between t he t hree equivalent domains of a (lll )cub platelet (Fig. 6 b , c) ; 
however, freque.nt.ly strong angular deviations from (l OO)cub were observed. 

3 .3 llea(l-lleCtd (ta"il-ta.il) do n·wins 

Much less feequently t han head- tail do mains, t he head- head (t ail-tail) junc­
tions are observed (Fig, 13 S). T his configuration creates "space charges" on 
t he composi tion planes, since cliv P 1s not zero. It is obvious t hat t his k ind of 
twinning will occur more easily in conduct.ing t han in IIighly insuJating crystals. 
In Fig. 15 a ra.t·e example of a large head- bead boundary is shown . 
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Head - tail domains 

{100} R 

A 

Head-head (/ail-tail J 
domains 

{770} s 

:riJ: 
A 

Fig. 13. chcmutic representation of hearl - hend 111111 hr:ut-lail <l omnlns tts •ecn o n (IOO)cub, ( llO)eub, nnd 
{ l ll)rub cuts 
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J.'lg. l 4. l:lcad- tnil dornains on n (llO)cub cut (thickness 28 1uo) of the Fc-0! boraclt.o 

}"lg. J 5. Lnr{te lteild- hcatl dorll!l in~ of th e lfe-CI boracite, (lll )cub cu,L (cx p'lannti<ln on Fig. l3 Q/S) 
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Fig. 16. J,lloking of 1 wu sets of hea<l-tnil lnmellno by henri- head domailc•, (110) r:ut, of f•'tt--01 horaci tc. n) I<cnl ; 

ll) i!thomntic 

If all fou:r polarization directions are present .in one and the sam.e crystal. 
usua lly two or three ID\l tua lly perpendicular sets of bead-tail la mellas appear . 
The rufferent set s a re then joined by head-head (tail-tail) composition planes. 
1l.l.is is shown in Fig. l 6a for a (11 0) cu t ofthe ]'e- Cl botacite and is schemn.t.i­
cally explained in Fig. L6 b . The juxtaposition of t hese two lands of twiml.ing 
must create mechanical constraints, but since t he deviations f_rom cubic sym­
metry aTe extremely small (see r eference [15] and Table 1), t he aiTangement. 
becomes C()mprehensible. 
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4. Romarks on Ferromaguotoolectrici.ty 

Magnetic measurements have sh own [4J t hat the t rigonal phases of t.he Fe-Cl. 
F e-B1·. F.e-1. and Co-Cl boracites becorne ferromag netic below 11.5. 15, 30, 
and 15 °K , respecth~ely. In the case of Co-OL bora.ci.te it cou ld be shown by 
observation of the Faraday effect. t hat the spontaneous magnetization lies per­
p endicular to the spontaneous polarization of the 3m 1' p aramagnetic phase. 
Combining tbjs result with magnetoelect.ric measurements [17]. we find tb e 
Shu bnikov point group m , wbich is compatible with t he coexisten ce of ferroelec­
t l'ici ty and feTromagnetism. T ltis symmetry a llows tho linear and high-order 
maguetoelectric effects (ail E, f11, o.,1" f-1 ; E1 Ek, {J;p; E l H1 Hk (16]). Strong ferro­
magnetic-ferroelectric coupling is expected as occurring in Ni3B70 3T. The linear 
maguetoelectric effect should lead to a. " butt01:fly" loop a.s in Ni3B70 13 I [2]. 

A.c /,·nmclcdg entellts 
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