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CuB,0;, single crystals have been grown and their magnetic and resonance properties have been
investigated for the first time. The temperature dependence of the susceptibility was found

to contain features &=21 and 10 K. The Cufg), single crystal transformed dt=21 K to a

weakly ferromagnetic state. The sharp drop in susceptibiliff<aiO K is caused by a

transition of the magnetic system of C4®B, to an antiferromagnetic state. The effective magnetic
moment of the Cti" ion, determined from the high-temperature part of the magnetic

susceptibility, is 1.7z . The room-temperaturg factors are, respectively, 2.170 and 2.133 for
magnetic field parallel and perpendicular to thexis of the crystal. The antiferromagnetic

resonance parameters in the weakly ferromagnetic and antiferromagnetic phases were measured.
© 1999 American Institute of Physid$s1063-783#9)02907-X

Copper oxide compounds are attracting attention due twiolet-blue in color, and their maximum dimensions were
their unusual low-temperature magnetic properties. Chair2 X 1x 1 cnt. X-ray analysis of a powder obtained by grind-
planar, and ladder magnetic structures with nonmagnetic sinng the crystals confirmed that the parameters of the crystals
glet and antiferromagnetic ground states are found in thesebtained were close to those found in Ref. 8 for GOB
compounds$™® Since divalent copper ions possess spin
S=1/2, quantum effects play a large role in these compounds. CRYSTAL STRUCTURE
at low temperatures. . .

This pa?per reports the results of the first investigation of Copper metaborate, CeBy, crystalllz_es in the te_trago-
the temperature dependence of the magnetization and ele@@l System with space grodg2d. The unit cell contains 12

tronic magnetic resonance of CyB, single crystals. formula units. The cell paramete_rs ase=11.484 /3\. and
¢=5.620 A . The computed density of the crystal is 4.022

g/cnt. The resistivity at 300 K is 10Q-cm8 It is noted in
1. SYNTHESIS OF THE CRYSTALS Ref. 5 that CuBO, undergoes a structural phase transition at

The binary system CuO—-B; was first studied in Ref. 1000°C. . . , .

. / . The unit cell contains two nonequivalent copper ion po-

4. It was established that this system contains two CONGIUz.ii o four CODDET IONS @) are located in a planar square
ently melting compounds: CuyB®, and Cu4B,0q. In Ref. 5 ) bp P q

. . .~ epvironment of oxygen ions; eight copper ions(Buare
these same compounds were observed in an investigation %ﬂated in a distorted octahedron of oxygen i¢Rig. 1).

the phase diagram %f7 melting of the ternary system™"'p " o octeristic &-CP* distances for two non-
Li,O—CuO-BOs. Later,’ phase formation was studied and . - :
Sequwalent positions of the copper ions %re

the regions of glass formation in the ternary system
CuO-PbO-BO; and CuO-BjO3;-B,03, where the com- Cw' (1)—0% (1)=1.998A,
positions CuBO, and CyB,0O4 were also found, were de- b ooy 2 o
termined. The crystal structure of CuyB, was investigated Cr" (2)-0" (2)=1.902A,
in Ref. 8. Based on these studies, we searched for a technol- Ccw?* (2)—0?" (3)=1.886 A,
ogy for growing CuBO, single crystals. The system

Li,O—CuO-BO; was chosen as the basis. CU* (2)—0% (4)=1.980A,
The components CuO,,B3, and LL,CO; in the ratios CU* (2)— 0% (4')=1.980A,

25, 60, and 15 mole%, respectively, which were pulverized

in a ball mill, were placed after mixing into a 50 érmplati- CU" (2)—0?" (1)=3.069A.

num crucible without premelting. The temperature was  tpg o2+ (2) positions are characterized by the follow-
raised slowly to 800 °C and then rapidly to 1020 °C where iting angles:

was held for 2 h. Then the melt was cooled to 800 °C at a ) X

rate of 1 deg/h. O?" (2)—CUw" (2)- 0% (4)=92.3°,
The crystals were extracted by washing off the contents 02~ (4)— C2* (2)— 0?~ (3)=87.7°

of the crucible in a 20% boiling-water solution of nitric acid. S (2 ) o

The crystals were well-faceted prisms, transparent, and O? (3)—CW/" (2)—0? (4')=87.7°,

1063-7834/99/41(7)/5/$15.00 1157 © 1999 American Institute of Physics



1158 Phys. Solid State 41 (7), July 1999

SO0

9 @ o esB

FIG. 1. Crystal structure of CuB®,.

0% (4')—CW" (2)—0% (2)=92.3°,
0% (1)—CW¥t (2)—0? (2)=73.1°,
0% (1)—CWt (2)— 0% (4')=67.0°.

3. MAGNETIC SUSCEPTIBILITY

Petrakovski et al.

anisotropic: in a magnetic field along the tetragonakis of

the crystal it increases monotonically with decreasing tem-
perature, while for a field oriented perpendicular to this axis
the susceptibility is higher and depends on the temperature
nonmonotonically. The paramagnetic Curie temperature and
the effective magnetic moment, which are determined from
the high-temperature part of the temperature dependence of
the reciprocal of the susceptibility, afe=—9.5 K and 1.77

ug for the magnetic field directed along tlheaxis of the
crystal.

At temperatures 21 and 10 K sharp anomalies are ob-
served in the temperature dependence of the susceptibility
with the field oriented perpendicular to the axis. At
T=21 K a jump is observed in the temperature dependence
of the susceptibility, and as temperature decreases further,
the susceptibility increases rapidly. At 10 K the susceptibility
decreases abruptly by approximately an order of magnitude.
Measurements in a 300 Oe field show qualitatively similar
results.

4. ELECTRONIC MAGNETIC RESONANCE

The results of electronic magnetic resonance measure-
ments in the temperature range 80—-300 K are displayed in

The magnetization of Cu®, single crystals was mea- Figs. 3 and 4. The magnetic resonance spectrum is a single
sured with a SQUID magnetometer in the temperature 4.2+orentzian line. The angular dependences of the line width
200 K in magnetic fields of 50 and 330 Oe. The temperature@ndg factor are characteristic for a €uion in a tetragonal
dependence of the magnetic susceptibility for a 50 Oe maggrystal. The linewidth and factor for magnetic field parallel
netic field is shown in Fig. 2. The susceptibility is sharply and perpendicular to the tetragonal axis of the crystal are,

1- 103, cm3/g
E=N
(=

20}

30 ' 40 50
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FIG. 2. Temperature dependence of the magnetic susceptibility of a@uBystal.1, 2— Magnetic fieldH perpendicular and parallel to tleaxis of the

crystal, respectively.
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FIG. 3. Temperature dependences of the linewidth and electronic magnetic resonance intensity at freq@eh&Hz.1, 2— H parallel and perpendicular
to thec axis of the crystal, respectively.

respectively,AH | =112 Oe,AH, =87 Oe,g| =2.17, and
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Anomalies are observed in the magnetic resonance pa-
g, =2.133. The single Lorentzian line attests to the existenceameters as temperature decreases further. The temperatures
of an exchange interaction between all copper ions in thef these anomalies correlate with the anomalies in the tem-
perature dependence of the susceptibilfigs. 5 and & The
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FIG. 4. Angular dependences of the linewidth anéhctor of the electronic magnetic resonance of a gbBsingle crystal at room temperature= 9.4

GH2z).
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FIG. 6. Temperature dependences of the intensity, linewidth, and resonance
FIG. 5. Angular dependences of the intensity, linewidth, and resonance fielfle|d of the electronic magnetic resonance signat (0 GH32 in a CuB,0,
of the electronic magnetic resonance signak(0 GH2 in a CuBO, single crystal at liquid-helium temperaturek: 2 — H perpendicular and
Single Crystal at I|qU|d'heI|Um temperaturésk: 1 — 10,2 —7.5.3 — 6. para”e| to thec axis, respective|y.

resonance field in the tetragonal plane of the crystal de-

creases gradually from 3560 Oe Bt 21K to 2740 Oe at can form in this crystal. The magnetic moments of thé Cu
T=10K. At temperatures below 10K, the magnetic reso-Ons also lie in the basal plane of the crystal. Analysis of the
nance signal is observed for any orientation of the magnetitocal environment of copper ions based on the Moriya ffiles
field relative to the crystallographic axes, the resonance fiel§uggests the existence of a Dzyaloshinskoriya interac-

in the plane of the crystal being higher than along the priniion between the Cif ions, which causes canting of the
magnetic moments of the sublattices.

In our opinion, atT=21K a CuBO, single crystal
transforms into a weakly ferromagnetic state. This leads to a
strong increase in the magnetization as temperature de-

Analysis of the geometry of the arrangement of thé Cu  creases further.
ions in the CuBO, crystal lattice shows that an exchange The magnetic resonance signal in the temperature inter-
interaction between the nearest neighbors occurs only via theal 21-10K can also be explained by the presence of a
oxgyen and boron ions according to the schemeweakly ferromagnetic state. The decrease of the resonance
Cu—-0O-B-O-Cu. The Ci (1) and Cd" (2) ions have a field as temperature decreases from 21 to 10K is apparently
different number of exchange bonds, so that the parametersused in this case by an increase in the Dzyalostiifiskd.
of their effective exchange bonds are different. SymmetryThe angular dependence of the resonance field in a plane
analysis of the crystal structure of CyB,° has shown that containing the tetragonal axis also agrees with this assump-
antiferromagnetic structures admitting the existence of dion. The Dzyaloshinskifield can be estimated from the tem-
spontaneous weak ferromagnetic moment in the basal plameerature dependence of the resonance field gs 1900 Oe

cipal axis:H,| >H?! .

5. DISCUSSION
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