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Field-Angle-Resolved Thermodynamic Measurements of
Molecule-Based Magnetic Superconductors
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Charge transfer complexes of k-BETS,FeX, (X = Br, Cl) which consist of organic donor molecules(BETS) and
magnetic anions(FeX,') are fascinating systems to study the interplay between magnetism and (super)conductivity.
They form segregate stacked crystal structures that BETS and FeX, form different types of two dimensional layers
separated with each other to form alternative layered structure. In these systems, m electrons in the BETS molecule
layers behave as strongly correlated electron system and localized 3d electrons in FeX,y (S=5/2) molecule layers
behave as low dimensional magnetic system. Due to the magnetic interaction between conducting © electrons and
localized 3d electrons, which is called n-d interaction, the w electron system and the 3d electron system are coupled
with each other. As a result, these compounds show various interesting conducting properties such as
magnetic-field-induced superconductivity and coexistent state of long range magnetic ordering and superconductivity.
In addition, it is also suggested that the influence of the n-d interaction appears in the magnetic properties in the 3d
electron system. In order to discuss such novel electronic states of n-d interacting systems from the thermodynamic
viewpoint, we performed field-angle-resolved heat capacity measurements. In this article, we show our recent results
of thermodynamic studies of n-d interacting BETS salts.

Keywords: n-d system, molecular superconductor, BETS, heat capacity

@ i
Shuhei Fukuoka
E-mail: fukuoka@issp.u-tokyo.ac.jp

i R
Yasuhiro Nakazawa
E-mail: nakazawa@chem.sci.osaka-u.ac.jp

© 2015 The Japan Society of Calorimetry and Thermal Analysis Netsu Sokutei 42 (1) 2015
10



53 F-VEREMERB AR AR DS E R 2 %83 5 N7 7 B2 43 R A 7

1. IFC®IZ

{RPE & REED A - BEAOMBEIE, I 7 nlJIXE R
SIEPT D IR P Ok ) REEET L REA T M
ORAEAMERNZ B R LR B8, Lo ~27 aidian
EiE % b o TIRBE TOREE T R OMIRE & W 5 Bl
O, BMRRFEORNTHRHICEE RN RO—2 L7
STW5b, £z, AVURIEELED TS AFFHRA L
Fa=2 ZA0@ A, LISHARTHLEEA - T D, P
ARG THFFER R E LTV 5 n-d R FHE 3 shAe B E 1
RELTIREREInETLREAE Y RELTO d B0
FELERTHY, nBEFE dBFOBICBEM M EAEH
M Z & T, WS RBRESCERHGALEED L S 7
RGEERTZENPESNTVWIWERTH S, *° £/,
FAEBGIEIZ Lo TRTEA B U RORBENEIZOWT b Z D4F
FMENER SNIZRTH D, "ARTIE, 29 Liznd 2%
FTHEERELENI2WEROP TRICIEHE IR TWS
BETS 707 (Fig.l) %8 LeEABEIEIZ OV TESERT-
T-BREORRERBNT D, £, TOIEELTH T2DIC
EELITBEH ORI, L0biy, BNREFCOBRMIER
T, FEEBESHEENORRE HIT-oTE /., ABTIZZO
TEEBFEICOWTHRBA L2,

2. m-dFRHFIEBK

% < D4y FHEEARIE, BEDT-TTF 431 M(dmit), 251
REFEEND RF—VEEI1ET 7 & 72 —MERTRVA S T
XD T B —A T PRI D EMBEEATH
%, Y Figl \ORT X ICHERT CIIAHS LD h Y
VHE—AFUBRENENMSL LT IR oTEE L, Th
DR HIZAEE LT Bl EiE 2 k3 5, A0 113%
FUHM TIIE I E 2 L TV D 72D RS 7B ik &
RHFTTHLIN, BRI~ A LD TE
Tz (BRBE) HMrbh, AL X7 o hvA %
VIREEL 72D, TORER L L THEBS BV Mg
R VERITEFE F—FLERICRY, mEE2RT X
2D THREMEZH D OIHERS TICHFET 5
HET Th D, Fig.d OFEMEEN O 0D LB BT
EELIIEEETH LI T A —A F B TR T O T
L7 OnETRITRTCERRNVE THE L 70D, £/onE
TR\ — a1 S EAERME < 72 OB T8 K
WOt E 7R & LTIRA 8\, NP —0TOfE, »
TEFN DN U1 K D& O S E KB LT, Bim,
WEATRRST, BEW, AV REE Wl 2R ETYNEE
IRT, TOZENLLRMDERY, 1FEA DT
EOMEDOTEB XIS T DR DTETRTHY

- -
0 — —

},",,::) ] :;:)‘

il £ Y

S __,S? -§e-- ‘]\S
J\' SE‘ ée" by 'J
BETS molecule

X

o ;
BETS layer :fl e

o "A'Qj'*'

FeX, layer 4

-

Fe-mnX
X

X

FeX,  molecule

i SN
e A e el

LY A

Fig.1 Crystal structure of k-BETS,FeX, salts. Donors and
counterions form alternative layered structures.
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Fig.2 (a) A schematic drawing of the calorimetry system
constructed in this work. (b) A photo picture and a schematic
drawing of the calorimetry cell which is made of pure silver.
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Fig.3 A photo picture and a schematic drawing of the thermal
relaxation calorimetry cell of which sample stage is rigidly
supported by thin stainless wires.
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Fig.4 Thermal relaxation curves around 1 K obtained by (a)the
calorimetry cell made of pure silver of which sample stage is
suspended by eight thin constantan wires and (b)that of which
sample stage is supported by thin stainless wires.
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Fig.5 A schematic drawing of the handy top-loading type
dilution system available in VTI. The calorimetry system is
equipped on the tip of the dilution system.
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Fig.6 Temperature dependences of the magnetic heat capacity
of k-BETS,FeBr, salt under magnetic field parallel to (a)the
a-axis and (b)the c-axis.
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Fig.7 Temperature dependences of the magnetic heat capacity
of k-BETS,FeCl, salt under magnetic field parallel to the a-axis.
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Fig.9 AC, vs T curve of x-BETS,FeBr,. The heat capacity
jump at 7, shows bulk nature of the superconductivity.
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Fig.10 Angular dependences of the superconductive transition
temperature at 1 T and 2 T. Magnetic field is applied just parallel
to the ac plane.
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Fig.11 AC, vs T curves of k-BETS,FeBr, salt under magnetic
field (a)at 0 T,0.5 T, 1 Tand 2 T and (b)at 2 T, 2.5 T, 2.6 T and
275 T.
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Fig.12 H-T phase diagram of x-BETS,FeBr, determined by
heat capacity measurements. The anisotropy of the
superconductive transition is drastic around the region where the
3d electron system is influenced by magnetic fields.
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