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The temperature dependence of the magnetic susceptibility £§80Q4 single crystals grown by
spontaneous crystallization from a melt consisting of a mixture of CuO a3 Bnd the

behavior of their magnetization are investigated in magnetic fields up to 55 kOe. A broad
susceptibility maximum is observed near 39 K, and a sharp drop in susceptibility is

observed af <10 K. The paramagnetic etemperatures for all orientations of the magnetic

field in the crystal investigated are negative, attesting to the predominantly

antiferromagnetic character of the exchange interactions. The effective magnetic moment of the
Cuw?* ion is anisotropic and lies in the range from 1.p54to 1.545.5. The magnetization

depends linearly on magnetic fieldBt-10 K, whereas at temperatures beloK a discontinuity

is observed at fields of the order of 40 kOe. At room temperature, electron magnetic

resonance characterized by an almost isotrgpfiactor (Q=2.165) is detected at 36.22 GHz.

The exchange interactions in §ByOg are analyzed on the basis of the
Goodenough—Kanamori rules. The possibility of the establishment of a singlet magnetic state in
the crystal is analyzed. ©@999 American Institute of PhysidsS1063-783#9)02404-1

The main reason for the great interest of researchers imula CyB,0, and the absence of foreign phases. X-ray dif-
oxide compounds of copper is the high-temperature supefraction analysis of the crystals obtained showed that they
conductivity observed in some of them. In particular, it is pelong to the triclinic system with space groBd and the
important to understand the mechanisms which shape thenit cell parametera=3.344 A,b=19.757 A,c=19.587 A,
magnetic state, especially the singlet ground state, in S“CB=88.91°,ﬂ=70.05°, andy=69.93°, in agreement with the

-3 . .
compoupdé. For example, in crystalline CuGgOthe a1 in Ref. 5. It can be seen from the crystal structure shown
mechanism which shapes the singlet state is probably asspy Fig. 1 that the magnetic Gti ions are coordinated in

::|ated W'tr;] a sp!n;lattmtg mterahcfmn ?néj d COmp(;"t't'on.tt?e'octahedral, square, and pyramidal environments of oxygen
ween exchange Interactions, while In fadder systems 1S &, < ' The mean Cu-0O distances within a layer in be
purely quantum fluctuation effect.

. . . .plane and between layers are equal to 1.95 and 2.90 A, re-
This paper is the first to present the results of an experi*

mental investigation of the magnetic susceptibility, magneti-SpeCt'Vely’ clearly suggesting a quasi-two-dimensional mag-

zation, and electron magnetic resonance o§B3@; Single netlp state. An analysis of the exchqnge interactions on the
crystals. basis of the Goodenough—Kanamori rGlehows that there

are two types of exchange interactions in the system: 135°
antiferromagnetic G—O—Cuinteractions with an energy of
1. SYNTHESIS AND CRYSTAL STRUCTURE OF Cu 3B,04 the order of 100 K and 90° ferromagnetic interactions with

Single crystals of CyB,0, Were grown by spontaneous an energy of Fhe order of .10 K. Thg dominant type of ex-
crystallization from a solution in a melt on the basis of theC1aNge is antiferromagnetic according to the results of the
results of the physicochemical investigation of the temanmagnetlc—susi:e.ptlb|I|ty measurements. The following frag-
Li,O—CuO—-BOs system in Ref. 4. The mixture of the start- ments of C&" ions can be identified in the structure of
ing materials CuO and f®, containing 70 mol % CuO and Cu3B,04: chains of four copper ions in an octahedral oxygen
30 mol % B,O5 was placed in a platinum crucible and heated€nvironment; chains of four copper ions, two of which have
to 1200°C. Crystallization took place as the temperature wagh octahedral environment while the other two have a square
lowered at the rate of 2 deg/h to 900°C. The crystals wer@nvironment; pairs of copper ions, one of which has an oc-
extracted by mechanical means and had the form of obliqutahedral environment while the other has a pyramidal envi-
prisms of dark green color with dimensions up tax3x3 ronment; groups of copper ions in an octahedral environ-
mnr. ment; and, finally, copper ions in a square environment. All

X-ray fluorescence analysis confirmed the chemical for-of these groups of copper ions are coupled predominantly by
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FIG. 3. Temperature dependence of the magnetic susceptibility of a
CusB,05 single crystal measured in a vibrating sample magnetomégter:

2 — magnetic field in two mutually perpendicular directions in tieplane,

3 — HLl(bc).

Neel temperatures and effective magnetic moments corre-
sponding to these three orientations of the magnetic field
FIG. 1. Crystal structure of GB8,0s. have the fO”OWing Values1= _335, 2: _400, @3
= —691, ftop=1.054, o= 1.247, anduem=1.54%u5 . As
. . i . ] can be seen from Fig. 3, a low-temperature drop in the mag-
negative exchange interactions to form two-dimensional laynetic susceptibility is observed for all three orientations of
ers in thebc plane. the magnetic field. We note that fairly strong anisotropy of
the susceptibility is observed in thbg) plane of the crystal.
Just this anisotropy may be responsible for the difference
The static magnetic properties of the crystals were invesbetween the results of the magnetic-susceptibility measure-
tigated on SQUID and vibrating sample magnetometers ifnents in Figs. 2 and 3. The sharp drop in the susceptibility
fields up to 50 kOe at temperatures between 2 and 300 KFig. 2) observed when the temperature was lowered below
The results of the SQUID measurements of the temperaturé0 K is described by the dependence
dep_enden(_:e of the_ magnetic susceptibility deter_mined in an Y=A+Bexp(—A/T) 1)
arbitrary direction in thebc plane of the crystal in 6- and
20-kOe fields are shown in Fig. 2. The presence of a broaith the —parameters A=2.66<10 °cm’/g, B=14
susceptibility maximum at a temperature of about 39 K, theX 10~ “en?/g, andA=33.3 K. Such a dependence is charac-
sharp drop in susceptibility at temperatures below 10 K, anderistic of systems having a singlet ground state separated
the identity of the results of the measurements in 6- androm the excited states by an energy gepEstimates show
20-kOe fields are noteworthy. The high-temperature behavhat the residual low-temperature susceptibiftgan be at-
ior of the susceptibility is described by the Curie—Weiss lawtributed to the Van Vleck paramagnetic contribution. The
with the parameter®=—422 K anduqs=1/06ug . Devia- singlet ground magnetic state can be either a result of a col-
tions from the Curie—Weiss law are observed at temperaturd§ctive phase transitioisuch as a spin-Peierls stater a
below 150 K. The results of the magnetic-susceptibility meaState of cluster formatiors?
surements performed on the vibrating sample magnetometer
for two mutually perpendicular directions of the external

2. MAGNETIC PROPERTIES

magnetic field in théc plane and in a direction perpendicu- soprTTTTTETTTT 4
in Fi 04| ] ]
lar to that plane are shown in Fig. 3. The measurements were T g4op " ] 73
performed in a 14.14-kOe magnetic field. The asymptotic | %30} .
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FIG. 4. Field dependences of the magnetization of 8304 single crystal
FIG. 2. Temperature dependence of the magnetic susceptibility of gorientation of the field as in Fig.) it various temperatures; 2, 3, 4. — 5,
CuB, 05 single crystal measured in a SQUID magnetometer-fgi(bc): 7, 9, and 12 K respectively. Inset — temperature dependence of the field
1— H=6 kOe,2 — H=20 kOe, solid curve — Eq1) corresponding to the discontinuifgee texk
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whose position depends weakly on orientation and is deter-
mined by an almost isotropig factor roughly equal to 2.165
(Fig. 5.

Thus, the principal results of our investigation are the
discovery of a low-temperature drop in magnetic susceptibil-
ity, a nonlinear dependence of the magnetization at tempera-
tures below 10 K, and electron magnetic resonance. The ex-
change interactions of the Céiions in crystalline CyB,04
are predominantly antiferromagnetic. The crystal structure

T suggests an in-plane magnetic state with a probable ground-
2.15 [ H|a” ] state singlet separated from the excited states by an energy
< Y S S S S Y S S S S— gap. Additional experimental studies are needed to establish
0 100 200 300 a more detailed picture of the magnetic state of the crystal
B, deg investigated.
We thank A. I. Pankrats for some useful discussions.
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FIG. 5. Angular dependence of tlgefactor of the magnetic resonance line

at room temperature for GB,Og, v=36.22 GHz;a* — magnetic field This research was carried out with financial support from
perpendicular to théc plane of the crystal. the Krasnoyarsk Territorial Science Foundati@rant No.
7F0195.
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