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ELECTRI CAL AND OPTICAL MEASUREMENTS ON NICKEL IODINE BORACITE 

JEAN-PIERRE RIVERA and HANS SCHMI D 
Department of Miner a l, Analytical and App lied Chemistry , University of 
Ge neva , CH-1 211 Ge neva 4 , Switzer l and 

Abstract - Measurements of r es i s t ivit y , spontaneous polarization , pyroelecLric 
coeff i c i ent , piezoelectric i ty , die l ect r ic constan t , spon t aneous Faraday rota t ion, 
s pontaneous bi r ef ringence and rota tion of the op t i cal ind i ca t rix wi th t emperature 
are repor t ed . Be tween 4K and 6 1 , SK a single ferroelect r ic/ f erromagnetic/ 
fe rroelas t ic phase , consis t ent wi t h Shubnikov poin t symmet r y m', exists . 

Although a gr~ a t number of exper imental ana theor et i ca l wor k
1

'
2 

f ollowed t he 
announcement o f simultaneous fe r r oelectrici t y and fe r romagnetism i n Nil boracite3 , 
(NiJB70 1JI) , abb r evia t ed Ni l, no clear- cut answe r to the quest ion o f the nature of the 
ph ase s of this compos ition has been given so far. The r efo r e some c lar i fy ing measure­
ment s with acce n t on simultaneous visua l cont r o l of the sta t e of t he c r ys t a l app eared 
time l y . 

EXPERI MENTAL 

Opt ical Cryos t a t - The tail of a Raman dewar (Oxford Ins t r . CF204) has been transformed 
and adapte d fo r po l a rize d l i ght micr oscopy (4-JOOK) and se r ved fo r opt i ca l and electri ­
cal mea su r emen t s unde r v i s ual control . 

Samp l es - Hal f a doze n crystals , from d i ffe r ent batches of synthes i s
4

, have been studied. 
Optically homoge neous r egions with weak parasitic bir efr i ngence \Jere cu t ou t of th e 
crys t als i n the form of bars or plate l ets (Fig .8 of Ref . S) , the l arges t face be ing 
para l lel t o (00 1) cub and the greatest extension parallel t o <l IO>cub · Afte r polishing 
and deposi t ion of semi- t r ansparent elec t rodes (Au on Cr ) , go l d wi res (d . 40~m) were 
fixed by s ilver /epoxy a t the centre of t he l arge faces . Measu r ements on two samples 
with differen t d imensions are described i n this pape r : Cr ysta l a : ~J = 1 . 86mm , 
wa = 0 . 660mm (Sa = 1 . 118mm2) a nd ta = 0 .11 8mm ; c r ystal b : ib = 2 . 15mm , wb = 0 . 394mm 
and t b = 0 . 239rnm . 

Resis t ivity - Resist i vity is a good indication o f c r ysta l qual i ty . Therefore its 
measur emen t was always pe r formed first (Electrome t e r Ke i t hley 417 for DC data) . Indeed , 
t he r esis t ance o f crys tals wi th simi l a r geome try sca tte red a t 295K between 1oSn and 
1o8n . For crysta l a , Rnc C295K) = 3 . 31x1o8n a t 4 .5Vol t s DC, i . e . p( 295K) ~ 3 . 44 · 1o6r. . m, 
measured wi t hout guard ring . Fr om 295K to l88K t here is a linear dependence of t og R 
vs . 1/T , and the activation ener gy Ea ~ 0 . 60 eV ( R = R0 exp (Ea / kT)) . 

Sponta neous pol ariza tion Ps versus t emperature (Fig . 1) has bee n obta i ned by measu r ing 
the surface cha r ge densit y (Electr ometer Keithley 6 16) on uphea t afte r po l ing t he 
cr ys tal (a) by cooling i n an e l ec t r i c field f r om T = 62K t o T = 4K. At 4 . 5K 
Ps = 0 . 07 6 ( ~C/cm 2 ), in good agr eement with meas urements on ( 110) c ub cuts6 . 

Pyroe lec tr ic coef f i cien t (F i g . 2) has been ob t a ined f r om t he tempera t ure derivative of 
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7 
ps (T), p = dPs/dT and by the method of Byer and Roundy 

Piezoelectric measurements on NiT are described elsewhere8 ~n detail and have been 
realized by the " admittance circle" and "motional capacitance" methods. Typical values 
of piezoelectric coefficient of Nil (crystal a) are e.g. [d 14 (295Kj =11 .8pm/V and 
id 14(61. sK) 1=19.6pm/V. In the system of pseudo- orthorhombic axes Jd3 1 i= Jd 32 /with e.g . 
i d3 1(61.5K) j=9.81pm/V and [d3 1(4 . 2K)[=1 1. 7pm/V. One of the important resu l ts of these 
studies is the observation of the frequency dependence of the temperature of the inter­
nal l oss peaks (1/~) at 18K(2MHz, fundamental) ~ 20K(6MHz , 3nd overtone) and 142K 
(ZMHz) ~ 152K(6MHz), suggesting the absence of phase transition at these temperatures. 

The die l ectric constant was measur ed with the " 3 point technique", using a Booton 75C 
bridge(70mVRMs) at 100kHz and a Boonton 72BD bridge ( 15mVRMs) at 1MHz. The choice of 
f~ l OOkHz is justified by the fac t tha t cer t ain crysta l s showed relaxa tion phenomena at 
500Hz<f <50kHz and T = 295K, describab l e by a Co l e- Cole formal i sm of the d i e lec tric 
constant (e . g . 1-a = 0.90) . In Fig. 3 the dielectric constant ( e:*=e: ' - je:") at 100kHz 
versus temperature is g i ven for Nil samp l e a. The insets show the de tail at the phase 
transition of 61.5K for 100kHz and 1MHz. The down- jump of e: on upheat at 6 1.5K is ana l o • 
gous to that observed on Mnr9 ,1 0 and CuC111 . Previous measurements on Nil were descr i bed 
e.g., in Ref . 3 and 12 . 

Faraday rotation - All of the half a dozen crystals studied showed strong Fa raday 
rotation at T<61. 5K after poling with a n e l ectric fie l d along <001 >cub and for light 
propagating along that same direction. A conven tional method - using a polarizer , an 
analyser and a microphotometer - was applied for measurement at A = 546nm. Figure 4 
gives the temperature dependence of the appar ent Faraday rotation 8A a long t he poled 
<OOl >cub direction. At 4.2K,8A=700 deg/cm (crystal Nil a). The rotation disappears at ' 
T=6 1.5K. The observation of this strong Faraday component along <001 >cub is in disagr ee 
ment with the initial l y postulated Shubnikov point group m' m2 ' 3 . By apparent Faraday 
rotation we mean the angle between the initially linearly polarized wave and the plane 
of the major axis of the elliptically polarized wave l eaving the crys tal. (Fig . 5). 

By observing t he same sample along <110>cub • i.e. perpendicu l arl y to t he applied 
e l ectric f ield a Faraday component is observed for one polarity and abs ence 
thereof and sharp extinct i on of birefr i ngence for t he reverse polarity . The extinct ion 
directions of that section of indicatrix were found to rota te with temper ature , l eading 
to the conclusion that the symmetry of Nil below 6 1. 5K is consistent with the mono­
clinic Shubnikov point group m'. Evidence for a symmetry l ower than m' m2' was also ob­
tained from magnetoelectri c measurements 13 and neutron diffraction work. 14 

Birefringence and rotation of index ellipsoid - In Fig. 6 the spontaneous birefr ingence 
and the rotation of the ext inct ion dir ections (in a ( 11 0)cub plane) ve r s us t emperature 
are represented for a ferroelec tric singl e domain of sample b. Since Wb<wa, crystal b 
was pre ferabl e for meas urement of 6n . At T=SK 6n=0.0023 (A=54 6nm) and the extinction 
direction y ' f orms an a ngle of 28° wi th the applied electric field of - 12 .4kV/cm. This 
ang l e tends to zero at 6 1. 5K. For t he reverse polarity magnetic domains are observed bu 
the biref ringence has not been measured . On crys t al Nil (sample a) two mutuall y sym­
metric domains with Y' =+30° and y ' =- 30°, resp. have been observed simultaneously at 
4.5K. These angles also tended to y '=O at 6 1.5K. 

CONCLU SIONS 

1 . The continuity of Ps ,p , e:,6n, y ' and Faraday rota t i on as well as the frequency 
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FIGURE 1. Spontaneous polarisation Ps vs . T 
Sample a. 
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FIGURE 3. Complex dielectric constant 
( £*=£ ' -j e: " ) vs.T, at 100 kHz . Insets 
show detail at 61.5K , for f=lOO kHz and 
f=l MHz. Sample a. 

~IGURE 2. Pyroelectric coefficient v s . T, FIGURE 5. Typical ferromagnetic domain 
~ = dPsldT (points calculated from Fig.l),pattern on Nil B. Sample b, (OOl)cub face . 
and p = I/(S · dTidt) where I 1s the ~b = 2.15 mm., wb = 0 . 39 mm. 
pyroelectric current . Sample a . 
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FIGURE 4. Apparent spontaneous Faraday 
rotation vs. T, light beam perpendicular 
to (OOl)cub face. Sample a. 
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FIGURE 6 . Birefringence (~n) and rotation 
of extinction angle y' vs. T, light beam 
perpendicular to (llO)cub face , i.e. II Wb· 
Sample b. 
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dependence of the internal loss peaks s uggest that no othe r phase trans~t1on down 
to 4K exists t ha n that observed at 61 .5K, in disagreement with other workers. 15-18 

2 . The down jump of the dielectric constant of Nil on upheat at the transition 
at 61.5K is of the type observed in Mnr9,10 and CuC1 11 . 

3. For the first time the simultaneity of the onset of f e rroelectricity and ferromagne­
tism a t the same temperature, i.e. 61.5K, has been unequivoca l ly demonstrated by 
measu ring Ps, E . ~n , y ' and Faraday rotation on one and the same sample . 

4. The presence of a strong Faraday componen t along <00 1>cub and the rotation with 
temperature of the index e l lipsoid around a <110>cub directi on are in disagreement 
with the hitherto admitted point group m'm2 ' . All experimental results of this work 
are consis tent with the monocl inic Shubnikov group m' . 
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