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Thermodynamic Behavior of Quantum Spin Liquid State with Gapless
Excitation Structure in Molecule Based Dimer Mott Insulators
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This article introduces the thermodynamic properties of a quantum spin liquid state. In strongly frustrated
antiferromagnetic spin systems, there is possibility of a quantum fluctuated ground state called “quantum spin liquid
state”. The absence of candidate materials prevents an intrinsic experimental study of spin liquid problem for more
than 30 years. However, in this decade, the quantum spin liquid behavior had been observed in two molecule based
charge transfer salts, which form dimerized structure in crystal and show Mott insulating behavior at low temperature.
Recently, thermodynamic studies succeeded to discover gapless excitation structure in the quantum spin liquid state in
two molecule based charge transfer salts. Since accurate heat capacity measurements can estimate absolute values of
heat capacity, the quantitative discussion on coefficient y in heat capacity had also unveiled Fermi liquid character of
quantum spin liquid state despite that this state is insulating in terms of conductivity. These thermodynamic
observations would promote quantum spin liquid study to new stage.
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Fig.1 (a) A schematic illustration of a frustrated problem on
triangular structure. (b) A Heisenberg type ordered state in
frustrated systems.
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Fig.2 (a) A schematic image of railroad trestle lattice in
Resonating Valence Bond (RVB) theory. (b) A schematic image
of RVB state. 1D spin singlet chains (railroad trestle lattice) are
constructed on 2D triangular lattice.
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Fig.3 The crystal structure of k-(BEDT-TTF),X. The structure
of BEDT-TTF molecule is also displayed.'®
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Fig.4 The definition of inter-dimer transfer integrals in
k-(BEDT-TTF),X system. The frustration parameter (t’/t) of
represented compounds are also summarized.'”
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Fig.6 The temperature dependences of heat capacity of

k-(BEDT-TTF),Cu,(CN); under magnetic fields at dilution
temperature region.
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Fig.7 A schematic illustration of the crystal structure of
Pd(dmit), layer in X[Pd(dmit),], system. The definition of each
inter-dimer transfer integrals and these values are also
displayed.”"

HORE & BEFT OB TR L, %@ﬁ%rbtoﬁ
A ~—EOBEFE I tg, t, t, O 3 FIENFET D23,
Lt DOFEFTE L L OFEITEENTNEL, 77xbv—°
3 VDRI T tatt=tg=t IS L > TEMTX 5, AMERD
HFA N, FOLER MIZ=F L (CH;CHyEY & L<
1E A FLHE(CH; - Me)3aF 4 OFL LTSS TH Y, Ak
% Et,Mes M(x:0-2,M:PAs,Sb) L 72 5, BT AL 2RO A
RiE, EtEOEK L LEFLERBOY A XoHKIZE D K
&< 7%, BEDT-TTF HTI%, & LTT7 =F L O
AN RIBIZAERT 523, 32 RiEss & 0 W Pd(dmit), 52 T
EEELLTCTZIA ML=V a v OMSIERAL, K&4RD
%ﬁy%%ok%EﬁETh®ﬁﬁﬁ%<@é”W%mmz
WOFTHROLEMAKTICEVWETHEELZ L OWEI
Et,Me,Sb[Pd(dmit),], T& 543, Z OWEIX T0K IZB W TE
T RRFEIRRE &\ 5 FEREPEIREE 2 BT A 720, R AE
RIBITFEBR L2,

EtMe;Sb [Pd(dmit),], (Z351F D & T A & RO RIEEME T
menﬂmﬁmamib%lﬁﬁiwwmﬁ hmé
Tz, 2LaL, BF A EtMesSbTicid, EtMe,Sb'
BELV EtsMeSb & W HFEBI L 7= T4 & RIFFZ AR S
Na57=0, ST Et,Me,Sb[Pd(dmit),], ?EMEK LBk sh
TWie, TOBA T DEIZL D507 0 F 4 438k Th
L, EtMe;Sb[Pd(dmit),], DR fESmAS Hitlz, R
HEEY A A0 K TEH 100 ug LLFTH Y, BEDT-TTF %
X0 EBIT/NERERLMESRRVD, BT
W2 &0 BIER D T2 IR EE TREBE T - D R A £ > T
W%, EtMe;Sb[Pd(dmit),], 35 & OBSHME D EAR B D i
K17 % Fig.8 I2R LTz,

ﬁﬁ@ﬁ&#%ﬂ#EM@mwmmmﬂe%ﬁﬁr
9" Et,Me,Sb[Pd(dmit),], DEAF Z(Z Téy@m%ib
0 Thb, —7, EtMe;Sb[Pd(dmit),], 121, ﬁ@@yﬂff
T 5, T OMFEFILARG SRR £ CHANATRETH
DN, BT ORI £ %5 TRIBIC IR ORI E
NIFET BT ORI R T 5, MR EERTH L
KWEDAEIE 192 mIK?mol! LiREEND, P Lo,
EtMe;Sb[Pd(dmit),], IZEB W T HRIE D ¥ ¥ v 7 L R 72 fihikd
EHLOBTAEUVEENER L TWD Z LRI NT,

Z 2T, k-(BEDT-TTF), Cuy(CN); & EtMe;Sb[Pd(dmit),]
@7ﬁ%%@?ﬁmﬁ%g®%ﬁﬁ%ﬂ%hHﬁmﬂ@mdl
£ 192 mIK mol! &P~ ETH D, Lo T, s
A ~— Mott EFRIRIZIIT 5 B A B UARRICIE HEH 72

124

0

150 ® EtMe,Sb{Pidmit), |, -0T

125) » ExMe,Sb{Pddmity]; 8T
| & EMeAs[Pdidmit, ),

# ELMe Sh[Pd(dmit), ],

w-(BEDT-TTF). EtMe,Sb
Cuy{CN);y [Pd{dmit}.].

g

o/ mIK2mol! 126 19.2

3
o

%/ 10*emumol ! 29 4.4

=

C T YmIK*mol"

Wilson ratio 1.67 1.68

0 1 2 3 4
TR

Fig.8 The heat capacity data of X[Pd(dmit),], salts and

k-(BEDT-TTF),Cu,(CN);. The T-linear behavior with finite

values of y can be seen in only quantum spin liquid compounds.

The values of v, o and Wilson ratio of these compounds are also

displayed.
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