
Approved forpublic release; 
distribution is unlimited. 

Title. 

Author&). 

Submitfed fo. 

MAGNETIC PROPERTIES OF THE FRUSTRATED 
ANTIFERROMAGNET LiCr02 

NEL.SON 0. MORENO-SALAZAR 

INTERNATIONAL CONFERENCE ON MAGNETISM-ICM03 

,," 

N A T I O N A L  L A B O R A T O R Y  
1.0s Alamos National Laboratory, an affirmative actionlequal opportunity employer, is operated by the University of California for the U.S. 
Department of Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government 
retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. 
Government purposes. Los Alarnos National Laboratory requests that the publisher identify this article as work performed under the 
auspices of the 1 J . S  Department of Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to 
publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness. 

Form 836 (8/00) 

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact:



Library Without Walls Project

Los Alamos National Laboratory Research Library

Los Alamos, NM  87544

Phone:  (505)667-4448

E-mail:  lwwp@lanl.gov



Magnetic properties of the frustrated antiferromagnet LiCr 0, 
N.O. Morcfno" C. Israelb P.G. Pagliusobi* A.J. Garcia-Aclevac~l C. Rettori 3.L. Smra.oa 

J.D. Thompson' S.B. Oseroff 
"Los Alamos National Laboratory, Los Alamos, NM 87545, U.S.A. 

bInstitiita de Fisica W e b  Walhagin", UNICAMP, 13083-970, Campinas, Brazil 
=Dept. Ffsica Aplicada I, E. T.S. Ingenieros Industriales y Telecom, UPV-EHU, Alda Urquijo s/n, 48013 Bilbao Spain 

dSnn Diego State University, Son Diego, California gZi8.2, U.S.A 

Abstract 

We report Electron Paramagnetic Resonance (EPR) and dc susceptibility (x) measurements on the twc-dimensional 
(2D) Heisenberg triangular-lattice antiferromagnet LiCrOz. n o m  150 to 615 K, the linewidth and the g-value are 
temperature independent, but below 150 K the linewidth broadens and g deviates from its high temperature value 
of 1.98, suggesting the presence of short-range antiferromagnetic correlations in the paramagnetic phase. x(T)  for 
T > TN % 62 K agrees with the predictions of the quantiiiii-~cneralized constant-coupling approximation. 
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Compounds forming rhombohedrally slaclced 
triangular-lattice antiferromagnets (Thl-AP) have 
been widely studied because they could exhibit 
magnetic ordering which is against the N6el state. 
In LiCrOa, the Cr3+ ions are located in edge- 
sharing distorted octahedra forming a plane tri- 
angular array separated by two layers of Lit and 
02-, malting it a promising candidate for a 2D 
Heisenberg TALA€?. 

LiCrOz was prepared by heating a mixture of 
Li2CO:j and Cr203 at 1123 I{ in air for 1 day. The 
room temperature rhombohedral lalticc parame- 
ters me n = 2.891(1) 8, and c = 14.363(2) A in 
agreement with reported values [l]. The dc mag- 
- 
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netic susceptibility x(T) = M / f I  was measured by 
a SQUID magnetometer (Quantum Design) mated 
with a high-temperature oven. The electronic para- 
magnetic resonance (EPR) spectra were taken in 
powder over 55 - 615 K at 9.3 GI-12, in a Varian E- 
line spectrometer using a T&oz room temperature 
cavity and a N2 flow temperature control system. 

EPR powder spectra arising from Cr3+ (S = 
3/2) show in the paramagnetic phase a single ab- 
sorption line with Lorentzian shape (see inset Fig. 
1). The T-dependence of the linewidth (AH), cal- 
,culated by fitting the experimental data with a 
derivative of a Lorentzian, is displayed in Pig. 1. 
Above 150 I(, A H  and the g-value are tempera- 
ture independent, but a t  lower temperatures A H  
broadens and g deviates froin the constant value 
of 1.98, suggesting the existence of short-range an- 
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Fig 1 EPlt hnewidth vs T The  solid line is the  nt The 
iriset shows the T-dependence of tho y factor. 

tiferroinagnelic correlations in the paramagiiclic 
phasc. The 13PR A H  in LiCrO2 resembles that 
of the 3D frustrated antiferromagnet ZnCrzOd 1'21 
The temperature dependence of the linewidth was 
fit to AH(?') = AfI(oo) -!- R/T-TN)-'. The solid 
line in Fig. 1 shows the fitting with AH(oo) = 165 
I<, R = 1934(20) Oe IC', TN = 62(1) IC, and II: = 
0.78(1). This value of TN agrees with the value of 
62 E< determined by MGssbauer spectroscopy [3]. 

Figure 2 shows the magnetic susceptibility of the 
powder sample of LiCrO2. The susceptibility be- 
low 300 I< is almost temperature independent dis- 
playing a weak broad maximum at T,,, = '75 I<, 
which is in agreement with the reported one (31. 

The observed temperature dependent of x(T)  is 
analyzed in terms of the the quantum-generalized 
constant-coupling (GCC) method (41. Including 
both nearest-(") and next-nearest-neighbor 
(NNN) inleractions, the magnetic susceplibility is 

c 1 +E3(T) x"c"(T) =: -I 
31' 1 - (2 -t- 3X) &:1(T)' 

wherc C is the Curie constant, 51 andJ2 are the NN 
and NNN exchange interactions, respectively, X =: 

2, and cxpressions for E ~ ( T )  are easily obtained 
from those of ep(T) in Ref. [4] taking p = 3. 

In Fig. 2, we show the x(T)  data in the paramag- 
netic phase together with the fit obtained using the 
quantum GCC approximation with Jl = 83 I< and 
J z  = -12.45 I<. Wc have also included a fit using 
the Curie--Weiss law (450 5 T 5 800 I<) for 0 = 

0 experimental 
n 

6 2.5 A Curie-Weiss Law '. 
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Fig. 2. x(T) of LiCrOz rneasured at 1-1 = 1 kOe. T h e  data  
are open circles. The solid line is the fit obtairied using 
the quantum GCC approxirnation. The tlnshed line is I.he 
prediction of the CurieWeiss law. 

-620 I< and C = 1.9 emu I</niol. It is important 
to stress that the C and J1 values used in the fit to 
the GCC expression were those extracted from the 
fit to the Curie-Weiss law. Therefore, the only free 
parameter of the GCC model is A. Still, agreement 
between the data and the quantum GCC model 
is quite good; the calculated susceptibility repro- 
duces the peak at Tmaz, even though the theoreti- 
cal peak is sharper. For S = 3/2, the GCC model 
predicts that the uniform susceptibility will diverge 
as T -+ 0, as suggested by the lowest temperature 
data in Fig. 2. In contrast, the susceptibility cal- 
culated in the Curie-Weiss law shows no peak and 
increases monotonically. 

In summary, LiCrOz displays a Cr3+ EPR 
linewidth consistent with the presence of short- 
range magnetic correlations in the paramagnetic 
phase similar to what has been found in ZnCrz04. 
x(T) is well reproduced by khe quantum GCC 
model revealing strong signs of frustration. 

References 

[l] V.R. Gaiakhov et al., Solid. State Comm. 95 (1995) 347. 

(21 fI. Martinho et al., J. hppl. Phys. 89 (2001) 7050. 

[3] C. Delmas, G. Le Flem, G. Founssier and P. 
Hagenrnuller, J. Phys. Chem. Solids 39 (1978) 55. 

[4] A.J. Garcia-Adeva and D.L. Huber, Phys. Rev. B 63 
(2001) 174433; ibid. 65 (2002) 184418. 

2 


