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In this article, the magnetic and thermodynamic properties of strongly frustrated antiferromagnet are discussed.
The macroscopic degeneracy caused by magnetic frustration plays a significant role on the formation of exotic ground
state of frustrated antiferromagnet. Particularly, the emergence of a quantum spin liquid state has been expected on the
ground state of quantum kagome antiferromagnet owing to the strong frustration and quantum fluctuation. Here, we
present the unusual magnetic properties of Kapellasite type quantum kagome antiferromagnet CaCus(OH)sCl2-0.6H20
(Ca-Kapellasite). Magnetic properties of Kapellasite type kagome antiferromagnet depends on a balance of magnetic
interactions among the nearest-neighbor J1, the next nearest-neighbor J2, and the further interaction Jq across the hexagon
within the kagome network, and a formation of unusual magnetic state is expected including the spin liquid state. We
observed the magnetic transition at 7.2 K and demonstrated that the low temperature heat capacity of Ca-Kapellasite was
reproduced by assuming a two-dimensional spin-wave component and a 7-linear term. The observed 7-linear term of
this insulating compound suggests the existence of an unusual quasi-particle excitation below the magnetic transition.

This fact apparently reveal the unconventionality of the ground state of this S = 1/2 kagome antiferromagnet.
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Fig.1 (a), (b) Square and triangular units with antiferromagnetic
interaction. (c) 120 ° spin structure on the triangular lattice. (d)
V3 x /3 type and (e) ¢ = 0 type 120 ° spin structure on the
kagome network. Spins on the shade are responsible for the
weathervane and line defect mode.
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Table 1 Classification of various theoretical models of spin
liquid state (cited from ref 15 & 16).

BFEE | ¥y v SOFE ik
X o8 W P | Staggered gapless magnon
AF moment
Valence §=0 gapped Confined
bond solid Dimer  activation-type spinon
correlation | C activation-type
RVBtypel | Non gapped Deconfined
 activation-type spinon
C activation-type
RVB type Il | Non S = 0 gapless, S = 1 | Deconfined
gapped spinon
 activation-type T=0 residual
C finite entropy
Spinon Non Gapless Deconfined
Fermi  finite spinon+gage
surface C=yT? field
Spinon Non Gapless(Diracpoint) Deconfined
Dirac cone y < T? spinon+gage
C=y1"? field
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Fig.2 The resonating-valence-bond (RVB) state on the
triangular lattice. The eclipse in the figure represents the spin
singlet pair.
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Fig.3 Schematic illustration of the Kapellasite type kagome
structure. The non-magnetic ion locates at the center of the
kagome hexagon. Relatively large magnetic interactions of J2 and
Ja are mediated by the superexchange interaction via the non-
magnetic ion’s orbital.
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Fig.4 Calculated classical phase diagram of Ji—/>—J4 kagome
magnet with nearest neighbor ferromagnetic and antiferro-
magnetic interaction at 7 = 0.2” Red star in the right panel
indicates the magnetic interactions of Ca-kapellasite estimated
from the high temperature series expansion®.
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Fig.5 Crystal structure of Ca-Kapellasite (CaCusz(OH)sClz-
0.6H20) along (a) c- and (b) a-axes. (c) Picture of single crystals
grown by temperature-gradient hydrothermal method. The
maximum size of a crystal is 6 mm in diagonal length and 2 mm
in thickness (cited by ref. 34).
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Fig.6 (a) Temperature dependence of magnetic susceptibility of
Ca-Kapellasite measured at 1 T. (b) Magnetic susceptibility for
/I c-axis and a-axis in magnetic fields of H=0.1,1,3,5,and 7 T.
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Fig.7 Temperature dependence of heat capacity of Ca-
Kapellasite measured in several magnetic fields along c-axis.
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Fig.8 (a) C/T vs T? plot for H= 0 and 8 T data. (b) Magnetic
field dependence of estimated 7-linear term (). The black line in
(a) represents the result of the fitting based on the equation (1).
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mJ Cumol' K3, y=2.69 mJ Cumol'K2?> Coh -7z, H=0T T
DEBEROFGITEH CE 5 —4,8T TIX#ENTIEH S
HLOOHROEE & 572, 0-8T F TOFREHL TRIEED
FENT 24TV, T-linear B OWSHEAFNEZ 572 (Fig.8(b), =
DFEFIL, T-linear TS & & bITBATHZ %2R LT
W5,

HRIRDRAREICEIT D T-linear TEDIFLEIT A B LRIR
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BT D AR = AT IRBEVER 1-(BEDT-TTF)2 Cu(CN)3
x> EtMes Sb[Pd(dmit)2 ] TOBLHIFI S HE ST\, 3739
Ca-Kapellasite T X 4172 T-linear THOFEIL A B IR
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HTENHLNIRSTWVWD, DFEY, Kb EERRFHIX
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2 WILA B bk TRl ¢ &, miE T NI EVGE ERE
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Ca-Kapellasite D ZEJEIRFEDFF M Z IME IR L TN D,

1. F&H
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TR S U7 R 720 et 13, Kapellasite A% I (2 RIS 72
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EBRIZ, Figd O Ji—L-Ja AKX EIZEBAITR LI X H 1T Ca-
Kapellasite |3 ¢ = 0 #53& & V3xV3 #38, Cubocl HExED 3 Fi A3
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