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Magnetoelectric and Magneto-Optical Measurements on 
Nickel-Bromine Boracite Ni3B70 13Br 

J.-P. RI VERA, F.-J. SCHAEFER*, 
W. KLEEMANN* and H . SCHMID 

Deparrement de Chimie minerale, analytique et appliquee Universite de Geneve, CH-1211 Geneve 4, Switzerland 
* Laboralorium fiir Angewandte Physik, Universiliil Duisburg, 

D-4100 Duisburg I, Federal Republic oj Germany 

Various anomalies of Faraday rotation, magne10electric coefficient a2•1 (T), a32 (T), coercive field and bi refringence 
of three principal cuts as well as new d irect o bservations o f magnetic domains of NiBr boracite single crysta ls complete 
the knowledge of pbase transitio n in the fo llowing way: 

{43m l ')-398 K-(mm21 ')-29 K-(m' m2'}-21 K-{1} 

§1. Introduction 

NiBr bo racite is a member of the 3d-transition metal 
boracite famil y M3B10 13X, abbreviated MX, wi th 
M= Fe, Co, Ni , Cu and X = C I, Br, I , which are known 
to be weakly ferromagnetic/ ferroelectric / ferroelastic'> 
(except C ui) . 

NiBr boracite is cubic (F43cf1 above Tc= 125 Cand or­
thorhombic {Pca21) below that temperature.2

•
3l At low 

temperature NiBr becomes a weak ferromagnet with a 
spontaneous magnetization of 2.15 emu/g, measured on 
powder at 4.2 K. 4

> The birefringence (at 546 nm) o f the 
three principal cuts of the o rtho rhombic phase has been 
measured from Tc to 20 C 2l and to 5 K5l as well as an ap­
parent Faraday rotation perpendicular to a cubic platelet 
(n y, - np).5l 

In the present work, anomalies of the spontaneous 
birefringence in the ferromagnetic phases of NiBr are 
presented as weLl as the linear magnetoelectric coefficient 
a 23 (T), coercive field and apparent spontaneous Faraday 
rotation at 480 nm. Magnetic domains have been observ­
ed on the three orthorhombic principal cuts (at T < 21 K). 

§2. Sample Preparation 

For the measurement of spontaneous birefringence on 
the three orthorhombic indicatrix principal sectio ns, 
platelets cut perpendicularly to the three orthorhombic 
axes have been prepared from vapour phase grown 
crystals6>: l(ny- np), Il(np-n .. ), Ill(n~- na) (Fig. 1). The 
orthorhombic ceLl bas its axes 1 and 2 turned by 45 deg. 
around the spontaneous polarization Ps (axis 3) re lative 
to the cubic axes. The thickness of these crysta ls is 62, 60 
and 58 [pm], respectively. For the Faraday rotation a 
pseudo-(IOO)' cubic cut was prepared with P s within the 
plane of the platelet, in such a way as to have an optic 
axis emerging close to the plate normal21 {crystal IV , 
thickness= 130 [urn]) . The measurement of the 
magnetoelectric coefficient a 23 (T), for m ' m2', would re­
quire the same cut as that of crysta l II. However because 
of Jack of such a specimen a (100) cubic cut of type 1V 
with Ps in the plane of the p latelet has been used. In this 
case the induced polarization has to be multiplied by .J2. 
For this experiment two sma Ll single domain platelets 
have been aUgned in order to increase the effective area 
{crysta l V, total area: 1.15 mm2

). 

F ig. I . Orientation of crystallographies axes and optical indicatrix for 
the NiBr boracite platelets used. Symmetry elements form' m2 ' poinL 
group are indicated. 

§3. ~easurements 

3.1 The linear magnetoelectric effect (P;=rxvH j) is 
allowed for certa in Shubnikov point groups. 71 Based on a 
strong evidence5•8> the magnetically o rdered phase of 
NiBr boracite b elongs to Shubnikov point group m ' m2' 
below 29 K (Fig. I; see a lso Fig. 1 in Ref. 9). In order tc 
complete the earlier measurements of the magnetoelectric 
coefficient a 32 (T)8l by a23 (T), this latter one has been 
measured {Fig. 2a). Because of the appearence of a se­
cond magnetic transit ion at T=21 K (see below) the azJ 
(T) and the a32 (T) coefficients are in fact pseudo-or­
thorho mbic coefficients below that temperature. The 
temperature is measured here with a calibrated carbon 
glass resistor close to the sample. So the last transition on 
cooling NiBr boracite occurs in fact at 21 K instead of l 7 
K.8l The magnetic coercive field obtained in the same ex­
periment is shown in Fig. 2b. 

3.2 The Faraday rotation versus temperature of 
NiBr, is presented in Fig. 3, at 480 nm. This rotation, 
measured a lo ng an optic axis (by tilting the crystal round 
np) is more than 20 times the value determined at 546 nm 
and vertical incidence on a (100) cubic cut. 5> In this latter 
case the effective rotation was reduced due to non-zero 
birefringence.1

4-
16> 

3.3 Spontaneous birefringence. Let us recall that the 
spontaneous polarization versus temperature curve show­
ed two anomalous kinks at 29 K and 21 K respectively 
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Fig. 2 . Mugnetoelcctric (MEH) coefficient Ct)J( . .T) (a), nnd coercive 
field vs Lemperaturc (b). 1'he "'rtical arrows indicate the lower 
magl\ctic lransil.ion. 
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Fig. 3. Spontaneou~ Faraday rotation along an optic axis (J. = 480 
nm) vs temperature. showing rwo magne:ric phase transitions. The ver­
tical arrow in the figure mdicate the lower magnelic transition . 

whereas no anomaly of e.n (T) (j- 300 kHz) was 
detected .81 Using a photoelastic modulator, a Babinet­
Soleil (B.-S.) compensator•O-nl and a sophisticated 
automatized experim ental set-up (see Fig. I or Ref. 13 , 
wi thout ·the elements 6, 7 and ll) the s pontaneous birefr­
ingence has been m easured (Fig. 4). The first magnetic 
transi tion at 29 K, o n cooling, is revealed by a clearcut 
kink, In this latter experimen t the B.-S. compen ato r is 
set automatically to compensation in order to cancel. the 
in-phase signal detecred by a Jock-in amplifier at the 
same frequency the modulator is oscillating. Figures 5a-c 
show the magnetic anomalies of birefringence for the 
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Fig. 4. Derail of spontaneous birefringence (n ,- n,.) vs temperature at 
).= 5,9 om. Only the upper magnetic t.mnsition is dear!)' visible . 
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Fig. 5. a). b) and c) . Deta il of the three principal spomancous birefr­
ingence!>. all showing the two magnetic ph<~se transitions (/. = 480 nm). 
The vertica l arrow. i.n the figure indicmc the two magnetic tran~i­

tions. 

lhree principal cuts. Birefringence is given in arbitrary 
units because l1ere the B .-S. compensator is kept rLXed 
and the in -phase lock-jn signal is recorded versu 
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Fig. 6. The th ree spontaneou s birefringences vs rem pcrarure with 
their anomalies ar low temperatu re. Note that each curve has its own 
scale. 
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Fig. 7. T he three NiBr boracire platelers used for Ll n experiments, 
(T= 293 K, pola rizers crossed, J./4 plate) . Below 2 1 K, rhc presence 
of magnetic domains inside the fer roelectric o nes is simulraneously 
observed on all th ree cu rs. 

temperature. Again as for P, a nd the Faraday ro tati on we 
have kinks at 29 K and 2 1 K. In Fig. 6 , the (n~-np), 
(ny- no) a nd (np- nc.) birefringence curves are displayed. 
For these measurements a somewhat less opt imized equip­
ment than tha t used for the measurements shown in Fig. 
4 was employed. T he values obtained for the three Lin are 
in good mutual agreement. 

3.4 Fina lly, the direct observation of t he magnetic do­
mains on three orthorh ombic principal cuts (Figs. 7, 8) in­
dicates: i) fo r 21 K < T < 29 K the magnetization lies 
along nJ. whereas U) for T < 2 1 Kit lies close w ny but with 

Fig. 8. C rystal ! (T= 18 K, cutn,-np) showing rhe magnet ic domains 
appearing at T= 21 K. A small mag netic fi eld (e.g. 400 O e) can move 
the magnetic domain walls. 

components along a ll three orthorhombic axes. This 
observation is compatible only with the lowest Shub.:..­
nikov point symmetry , i.e. l. 

§4. Conclusions 

The different presented experiments how clarly that 
the weak ferromagnetic phase m'm2 ' of NiBr boracite, 
appearing at 29 K and which was beli ved to be stable 
down to 4K51 transforms in fact at 2 1 K into a nother fer ­
romagnetic phase of rricl.inic Shubnik ov poin t group 1. 

The strong a nomalies of sponta neo us birefringence in 
rhe two ferromagnetic phases could come from the ap­
pearence of the order pa rameter and the magnetost ric­
tion; a magnetic precur or e ffect on the birefringence ap­
pears already in the paramagnetic phase. 
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